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Beschrijving van de inhoud van dit proefschrift in het Nederlands. 
Inleiding. 
Omdat een proefschrift vaak tamelijk onbegrijpelijk is voor een aantal mensen die er een 
exemplaar van onder ogen krijgen (terwijl dat wel vaak mensen zijn die door hun 
financiële bijdragen aan het Koningin Wilhelmina Fonds dit onderzoek mede hebben 
mogelijk gemaakt), vond ik het nuttig om een gedeelte toe te voegen waarin ik probeer op 
een voor niet-specialisten begrijpelijke manier nog eens uit te leggen waar dit proefschrift 
over gaat. Ik hoop dat op deze manier meer mensen iets zullen opsteken van dit boekje. 
In dit proefschrift wordt een onderzoek beschreven dat probeert het ontstaan van een 
bepaald soort kanker, namelijk het synoviaal sarcoom, op te helderen. Daarom zal ik 
beginnen in grote lijnen uit te leggen wat we op dit moment weten over het ontstaan van 
kanker in het algemeen. Daarna zal ik wat verder ingaan op het synoviaal sarcoom dat in 
dit boekje centraal staat. Vervolgens zal ik een samenvatting geven van de resultaten die 
we hebben gekregen via ons onderzoek. Meer specifieke details van het onderzoek komen 
alleen in het engelstalige deel aan de orde. Tenslotte zal ik aangeven wat we nu eigenlijk 
met dit onderzoek zijn opgeschoten. 
Het ontstaan van kanker. 
Kanker is het resultaat van overmatige celgroei die optreedt omdat bepaalde cellen niet 
meer adequaat reageren op signalen die deze groei in normale weefsels strikt reguleren. 
Afhankelijk van de plaats van de tumor binnen het lichaam (hersen, long, borst, darm), 
het type cellen dat is ontspoord (vetweefsel, spierweefsel, klierweefsel, steunweefsel), en 
de ontwikkelingsgraad van die cellen (gedifferentieerd, ongedifferentieerd), kunnen 
verschillende soorten kanker worden onderscheiden. Omdat het verloop van het proces 
van kankervorming mede afhankelijk is van het type cel dat ontspoord is, wordt kanker 
ook wel beschouwd als een verzameling van verschillende ziektes. 
Er zijn goedaardige en kwaadaardige tumoren. Goedaardige tumoren ontwikkelen zich als 
een compact ingekapseld geheel op één bepaalde plaats, terwijl kwaadaardige tumoren in 
andere weefsels doordringen (zogenaamd invasief gedrag). In het laatste geval is de kans 
groot dat de tumor zich door de rest van het lichaam zal gaan verspreiden (oftewel 
metastaseren), wat de behandeling zeer bemoeilijkt. Of een tumor kwaadaardig is (of kan 
worden) hangt wederom af van het celtype waaruit de tumor is ontstaan, maar ook van 
het stadium waarin de tumorvorming zich bevindt. 
In normaal weefsel is de groei van cellen nauwkeurig gereguleerd, zodat er precies zoveel 
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cellen bijkomen als nodig is, bijvoorbeeld voor het vervangen van afgestorven cellen. 
Figuur 1: Omdat er altijd cellen afsterven, door ouderdom of door stress, wordt de 
celdeling zo gereguleerd, dat er een evenwicht in het aantal cellen ontstaat. 
Als weefsels worden blootgesteld aan schadelijke stoffen, zullen er automatisch meer 
nieuwe cellen worden gevormd omdat er ook meer cellen afsterven dan normaal. Dit is 
nog steeds een normale (omkeerbare) fysiologische reactie. Zodra de stress (blootstelling 
aan de schadelijke stof) is opgeheven, zal de celgroei weer afnemen. Echter als door een 
verandering (mutatie) in het DNA van de cel de groeiregulatie verstoord wordt, zal de cel 
permanent afwijkend groeigedrag blijven vertonen, hetgeen kan resulteren in 
tumorvorming. Dit verstoren van de groeiregulatie door DNA mutaties kan op veel 
verschillende manieren tot stand komen. 
Behalve deze verstoring van de groeiregulatie moeten er zich meestal nog een aantal 
andere veranderingen voordoen voordat een (kwaadaardige) tumor zich kan ontwikkelen. 
Zo moet een tumor bijvoorbeeld bloedvaten kunnen vormen om de tumorcellen van 
voedingsstoffen en zuurstof te voorzien wil deze een redelijke omvang kunnenbereiken. 
Verder moet het natuurlijk afweer (immuun) systeem omzeild worden om herkenning en 
afstoting te voorkomen. Ook moeten de cellen in andere weefsels door kunnen dringen, 
waarvoor bijvoorbeeld membranen gepasseerd moeten worden. Verder moeten de cellen 
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de mogelijkheid ontwikkelen om zich op een nieuwe plaats te vestigen. Daarom is de 
ontwikkeling van kanker (oftewel oncogenese) een meer stappen proces waarbij vaak 
meerdere DNA veranderingen nodig zijn voor het uiteindelijke resultaat. Een aantal 
kankerstadia zijn weergegeven in figuur 2. 
Metaplasie Dysplasie 
Carcinoma in situ 
Carcinoom/Sarcoom Metastase 
Figuur 2: Tijdens tumorvorming kunnen verschillende stadia worden onderscheiden: 
metaplasie: cellen veranderen van vorm ten gevolge van stress; dysplasie: cellen vertonen 
een verhoogde delingsactiviteit; carcinoma in situ: cellen ontwikkelen een kwaadaardig 
karakter; carcinoom/sarcoom: tumor cellen dringen door in omliggende weefsels; 
métastase: tumor cellen verspreiden zich door het lichaam. 
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Het is dan ook niet verwonderlijk dat de meeste stoffen die kanker veroorzaken, 
zogenaamde carcinogene stoffen, mutaties in het DNA veroorzaken. Maar hoe kan nu 
zo'n DNA mutatie het (groei-) gedrag van cellen veranderen? 
De meeste functies in de cel worden uitgevoerd door eiwitten. Het DNA (in de celkern) 
bevat de (aminozuur)code voor de aanmaak van alle eiwitten die door de cel gemaakt 
kunnen worden. Via het DNA worden ook de hoeveelheid die wordt aangemaakt van zo'n 
eiwit en het moment waarop het eiwit wordt aangemaakt gereguleerd. Hierbij speelt de 
binding van een aantal eiwitten (zogenaamde transcriptie factoren) op bepaalde plaatsen 
aan het DNA een belangrijke rol (zie fig. 3: transcriptie factoren). 
De aanwezigheid en werking van bepaalde regulerende eiwitten bepaalt dus welke andere 
eiwitten door de cel worden geproduceerd en daardoor dus ook welke functies de cel ter 
beschikking heeft. Als er nu een verandering (mutatie) in de DNA code optreedt kan dit 
tot gevolg hebben dat een eiwit niet goed meer functioneert, bijvoorbeeld doordat de 
aminozuur code is veranderd. Als dit gebeurt met eiwitten die betrokken zijn bij de 
regulatie van de groei (bijvoorbeeld een transcriptie factor) kan dit uiteindelijk kanker tot 
gevolg hebben. 
Figuur 3: Transciptie factoren; Voordat de transcriptie van start kan gaan moeten een 
aantal transcriptie stimulerende factoren (eiwitten) aanwezig, en een aantal transcriptie 
remmende factoren afwezig zijn. 
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Gedurende de afgelopen jaren zijn er een groot aantal eiwitten (en de gebieden op het 
DNA die voor hun aanmaak coderen, de zogenaamde genen) ontdekt die van 
doorslaggevend belang zijn voor de groei regulatie van verschillende celtypen. Deze 
eiwitten kunnen worden onderverdeeld in twee groepen, namelijk die welke tumorgroei 
stimuleren wanneer ze meer actief worden (zogenaamde oncogene eiwitten) en die welke 
tumorgroei tot gevolg hebben wanneer ze juist niet of minder actief zijn (zogenaamde 
tumor suppressoren). De bijbehorende genen heten oncogenen en tumorsuppressor genen. 
De oncogenen 
De eerste oncogenen werden ontdekt via onderzoek aan bepaalde soorten virussen 
(zogenaamde RNA tumor virussen) die tumoren kunnen veroorzaken bij vogels en 
knaagdieren. Als deze virussen in een normale cel zijn binnengedrongen, wordt hun RNA 
omgezet in een klein DNA molekuul. Op basis van dit DNA worden eiwitten aangemaakt 
in de cel (bijvoorbeeld het Ras eiwit in geval van het rat sarcoma virus en het Мус eiwit 
in geval van het kip myelocytomatose virus) die de celgroei kunnen dereguleren, met als 
gevolg tumorgroei. Uit analyse van de door de virussen gecodeerde eiwitten bleek dat die 
veel lijken op eiwitten die ook normaal in de cel kunnen voorkomen. Onderzoek aan 
menselijke tumoren wees vervolgens uit, dat de eiwitten die overeenkomen met deze virus 
eiwitten vaak veranderd zijn door DNA mutaties in de daarbij behorende (cellulaire) 
genen. Bekende voorbeelden van zulke genen zijn de RAS en MYC genen. In gemuteerde 
vorm spreekt men dan dus van cellulaire oncogenen. 
Oncogene eiwitten en hun normale tegenhangers spelen een sleutelrol in de regulatie van 
de celgroei. Het RAS eiwit maakt bijvoorbeeld onderdeel uit van een reeks van eiwitten 
die groeisignalen van buiten de cel ontvangen aan de celmembraan en doorgeven naar de 
celkern (zie fig. 4). In veranderde vorm kan zo'n eiwit een verkeerd groeisignaal 
doorgeven. Andere oncogenen, zoals bijvoorbeeld MYC, coderen voor transcriptie 
factoren die actief zijn binnen de celkern. Het MYC eiwit reguleert het 
celdelingsprogramma (ook wel de celcyclus genoemd). Als er meer van dit eiwit wordt 
aangemaakt gaat de cel sneller delen. In verscheidene kankercellen is de aanmaak van dit 
eiwit dan ook verhoogd, bijvoorbeeld door een verandering in de DNA code die de 
aanmaak van het MYC eiwit bepaalt of door de aanwezigheid van meerdere copieèn van 
het gen (tot over de honderd soms) in het DNA (gen-dosis-effect). 
Figuur 4: Signaal transductie. Verschillende eiwitten binnen de cel bepalen welke 
signalen van buiten de cel worden doorgegeven aan de celkern, die daarop kan beslissen 
wat voor beleid er gevoerd gaat worden. 
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De tumorsuppressor genen 
Van elk gen zijn twee copieën aanwezig in elke lichaamscel (één oorspronkelijk afkomstig 
van vader en één afkomstig van moeder). In het geval van een tumorsuppressor gen 
moeten allebei de copieën worden geïnactiveerd voordat ongeremde groei kan optreden. 
Een aantal tumorsuppressor genen is dan ook ontdekt naar aanleiding van onderzoek aan 
families met een verhoogd risico op (bepaalde vormen van) kanker. Bij familieleden met 
zo'n verhoogd risico bleek één copie van een bepaald gen inactief te zijn in alle 
lichaamscellen (bijvoorbeeld het RB gen in geval van Retinoblastoma). Zolang de andere 
copie van hetzelfde gen intact is, heeft dit geen tumorvorming tot gevolg. Echter wanneer 
in bepaalde cellen door een mutatie ook het tweede gen defect raakt, kan de celgroei niet 
meer geremd worden hetgeen leidt tot de vorming van een tumor. De kans dat allebei de 
copieën van zo'n gen defect raken is normaliter zeer klein, waardoor mensen die niet 
erfelijk belast zijn een relatief gering risico lopen om zo'n tumor te krijgen. 
Desalniettemin zijn er ook voorbeelden gevonden van niet-erfelijke (sporadische) tumoren, 
waarbij allebei de copieën van een bepaald tumorsuppressor gen defect zijn geraakt. 
De normale functie van een tumorsuppressor eiwit kan onder andere een negatieve 
regulatie van de celgroei zijn. Het RB eiwit bijvoorbeeld reguleert de overgang van cellen 
van de rust-fase (G0) van de celcyclus, waarin de meeste normale cellen zich bevinden, 
naar de actieve fase, waarin deling optreedt (figuur 5). Andere tumorsuppressor eiwitten, 
bijvoorbeeld p53, spelen een rol bij de controle of alle DNA nog wel in goede staat is 
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voordat de DNA verdubbeling, die vooraf gaat aan elke celdeling, kan beginnen. Als er 
fouten (mutaties) in het DNA zitten die door reparatie eiwitten worden opgemerkt, zorgt 
p53 dat de deling even pauzeert om deze fouten te kunnen herstellen. Indien de fouten 
onherstelbaar zijn, zorgt p53 dat de cel het interne zelfdodings programma start. Als 
beide gen copieën van p53 niet functioneren, leidt dit tot een ophoping van mutaties 
(genetische instabiliteit). Hierdoor wordt de oncogenese versneld. 
Figuur 5; De toestand van het Retinoblastoma eiwit bepaalt of een cel van de rustíase 
naar de delingsfase kan overgaan. Na deling bepaalt de competiviteit van de gevormde 
dochtercellen om bepaalde groeifactoren te bemachtigen of ze kunnen voortleven of dat 
het zelfdodingsprogramma wordt gestart. 
Gefuseerde genen 
In de cel bevindt het DNA zich in de kern. Elk DNA molecuul vormt samen met de 
daaraan gebonden eiwitten een chromosoom. Tijdens de delingsfase zijn deze 
chromosomen zo gecondenseerd, dat men ze met een lichtmicroscoop kan zien en zelfs 
kan herkennen aan de hand van een streepjes patroon dat via een bepaalde manier van 
9 
aankleuren ontstaat. Volgens internationale afspraken zijn alle chromosomen genummerd 
(van elk nummer zijn er twee per cel), behalve de sex-chromosomen: X en Y. Naarmate 
de tumorvorming vordert, zijn er meestal meer afwijkingen aan het chromosomen-patroon 
van tumorcellen te herkennen. Van sommige chromosomen is een copie afwezig, van 
andere zijn juist extra copieën aanwezig. Soms is het hele chromosoom patroon dubbel (of 
meer) aanwezig. Sommige chromosomen zijn abnormaal, omdat ze bestaan uit delen van 











18 (der 18) 
Figuur 6: Chromosomale translocatie. Tijdens een translocatie worden van twee (of 
eventueel meerdere) chromosomen delen verwisseld. 
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Zelfs kunnen chromosomen ontstaan die uit een verzameling van stukjes van verschillende 
chromosomen zijn opgebouwd en daardoor niet meer herkend kunnen worden 
(zogenaamde marker-chromosomen). Verder kunnen er abnormaal gekleurde gebieden in 
de chromosomen aanwezig zijn (zogenaamde homogeen gekleurde regio's) of mini­
chromosomen. Onderzoek naar chromosomen in tumoren heeft geleid tot de identificatie 
van een aantal afwijkingen die specifiek optreden in bepaalde tumor-soorten. Dit worden 
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Figuur 7: A) metaphase; В) karyogram (chromosomen patroon) van een synoviaal 
sarcoma cel. De chromosomen zijn gebandeerd om ze herkenbaar te maken. Pijlpunt= 
derivatief chromosoom 18. Pijl= derivatief chromosoom X. 
Deze karakteristieke chromosoomafwijkingen komen frequent voor in een bepaald type 
kanker. Daarom is het aannemelijk dat die bepaalde chromosoomafwijkingen belangrijk 
zijn voor de ontwikkeling van dat specifieke soort kanker. Vaak blijken op de plaatsen 
waar chromosoom delen met elkaar zijn versmolten ook genen te zitten. Soms is door de 
chromosoom fusie alleen de regulatie van de productie van het daar gecodeerde eiwit 
verstoord (bijvoorbeeld MYQ, maar soms zitten de eiwit coderende gebieden van twee 
genen aan elkaar. De eiwitten die daaruit voortkomen bestaan dan uit delen van twee 
verschillende eiwitten en worden daarom ook wel fusie eiwitten genoemd. Voor een 
aantal van die fusie eiwitten is dan ook aangetoond dat als ze in normale cellen worden 
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ingebracht ze de celgroei ontregelen. Genen die worden gevonden op de specifieke 
chromosomale breukplaatsen zijn in de regel oncogenen. 
Dit proefschrift beschrijft de zoektocht naar de genen die betrokken zijn bij de 
chromosomale afwijking "t(X;18)(pll.2;qll.2)" en naar de mogelijke functie van deze 
genen. Bij deze uitwisseling van chromosoomdelen (oftewel translocatie) is het X-
chromosoom gebroken net boven de centromere regio en chromosoom 18 net onder de 
centromere regio (zie ook figuur 5). Deze uitwisseling is specifiek voor synoviale 
sarcomen, een tumor waar ik nu wat meer over zal vertellen. 
Synoviaal sarcoom. 
Kwaadaardige tumoren worden onderverdeeld in carcinomen en sarcomen. De carcinomen 
ontstaan uit epitheliale (oppervlakte vormende) cellen. Sarcomen daarentegen ontstaan uit 
steun- en bindweefsel vormende cellen. Het type cellen waaruit synoviaal sarcomen 
ontstaan is niet exact bekend. Vroeger dacht men dat synoviaal sarcomen ontstaan uit de 
cellen die de gewrichtsvloeistof produceren (de synoviale cellen, vandaar ook de naam). 
Echter uit allerlei verschillende onderzoeken is gebleken, dat dit niet klopt. Men denkt nu 
dat de tumoren ontstaan uit vrij primitieve cellen die nog in staat zijn om zowel 
epitheliale als bindweefselcellen te vormen. 
Het synoviaal sarcoom is een betrekkelijk zeldzame tumor, die meestal in de ledematen 
(benen, voeten, armen, handen) wordt aangetroffen, vaak in de buurt van gewrichten. 
Soms wordt deze tumor echter ook op andere plaatsen gevonden, bijvoorbeeld in hoofd of 
nek. De tumor komt voor bij relatief jonge mensen, met een gemiddelde leeftijd tussen 30 
en 35 jaar. De tumor kan ook voorkomen bij kinderen en is zelfs gevonden in pasgeboren 
kinderen. Het is het op twee na meest voorkomende sarcoom bij kinderen. 
Afhankelijk van de relatieve hoeveelheden epitheliale en bindweefselcellen in de tumoren, 
zijn verschillende subtypen binnen de synoviaal sarcomen te onderscheiden (bifasisch; 
monofasisch spoelcel; monofasisch epitheliaal; ongedifferentieerd). In de zogenaamde 
bifasische synoviaal sarcomen worden allebei de celtypen aangetroffen, terwijl de 
zogenaamde monofasische tumoren grotendeels bestaan uit één van beide celtypen, hoewel 
wel kleine hoeveelheden van het andere type aanwezig kunnen zijn. De monofasische 
tumoren zijn weer onder te verdelen in monofasisch-epitheliaal en monofasisch-spoelcel 
(de bindweefselcellen zijn een beetje spoelvormig). De laatste vorm komt veel vaker voor 
dan de eerste. Tenslotte is er nog een groep synoviaal sarcomen die bestaat uit minder 
ontwikkelde cellen. Deze laatste groep is relatief zeldzaam. 
Op de problemen die kunnen optreden bij de diagnose van de verschillende sarcomen wil 
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ik hier niet specifiek ingaan. Deze problemen worden mede veroorzaakt doordat in 
synoviaal sarcomen cellen voor kunnen komen die erg lijken op cellen in andere 
sarcomen, en omdat de epitheliale cellen die kenmerkend aanwezig zijn in synoviale 
sarcomen niet altijd even goed terug te vinden zijn in het monofasich spoelcel type. Wel 
is het in dit kader van belang dat in vrijwel alle synoviaal sarcomen een specifieke 
uitwisseling tussen de chromomen X en 18 optreedt, de eerder genoemde 
t(X;18)(pll.2;qll.2). 
De resultaten van het onderzoek. 
In de hoofdstukken II tot en met IX worden de resultaten van het onderzoek beschreven 
zoals ze ook in wetenschappelijke tijdschriften zijn gepubliceerd. Toen we begonnen met 
het onderzoek was al bekend dat in synoviaal sarcomen een uitwisseling tussen 
chromosoom delen van X en 18 optreedt. Twee verschillende onderzoeksgroepen hadden 
al geprobeerd om de breukplaats op het X chromosoom nader te bepalen aan de hand van 
een aantal bekende markeringen op het X chromosoom (zie fig. 8). 
Figuur 8: Met behulp van verschillende markeerders, wordt geprobeerd om zo precies 
mogelijk de plaats van het translocatie breukpunt te bepalen. 
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De resultaten van deze groepen leken echter tegenstrijdig, want ze wezen op twee 
verschillende gebieden. Daarom zijn we opnieuw begonnen om te kijken waar volgens 
ons de plaats ongeveer moest zijn. In hoofdstuk II staat beschreven hoe we het breukpunt 
in het synoviaal sarcoom waarvan wij zijn uitgegaan hebben gelocaliseerd in een gebied 
van het normale X chromosoom van ongeveer 500.000 baseparen (bp) (elke 3 baseparen 
kunnen coderen voor een aminozuur-bouwsteen van een eiwit). 
In hoofdstuk III staat beschreven hoe we op basis van deze kennis in een andere tumor 
met een ingewikkeld chromosomen patroon toch vast konden stellen dat er een 
translocatie was opgetreden tussen de chromomen X en 18 in het zelfde gebied als de 
tumor beschreven in hoofdstuk II, wat betekent dat de tumor gediagnostiseerd kon worden 
als een synoviaal sarcoom. We hebben hiervoor gebruik gemaakt van de techniek van de 
fluorescente in situ hybridisatie (FISH). Dit houdt in, dat een chromosoom (deel) met 
behulp van een fluorescerende stof kan worden aangekleurd. Vervolgens wordt deze 
aankleuring onder de microscoop bekeken. In een tumor met een translocatie kun je dan 
zien dat het aangekleurde deel als het ware doormidden is gebroken, waarbij zich beide 
helften op andere chromosomen bevinden. 
Nadat we een DNA fragment (geïsoleerd in een kunstmatig gistchromosoom) hadden 
geïdentificeerd dat het breukpunt moest bevatten, zijn we verder gegaan om te bepalen 
waar de breuk zich precies bevond via het opdelen van het relatief grote uitgangsfragment 
in kleinere delen. Dit staat beschreven in hoofdstuk IV. Hierbij bleek dat er om de 
breukpunt regio heen een gebied voorkomt waarin stukjes DNA van verschillende plaatsen 
heel veel op elkaar lijken. Dit maakte het moeilijk om met zekerheid vast te stellen of we 
precies het goede stukje DNA hadden gevonden. Eén van onze subfragmenten echter 
konden we gebruiken om met FISH een breuk in het eerder gevonden gebied aan te 
tonen. 
Vervolgens zijn we bij een grotere groep synoviaal sarcomen gaan bepalen of en waar een 
breuk op het X chromosoom was opgetreden (hoofdstuk V en VI). Dit konden we doen 
omdat we inmiddels een manier gevonden hadden om met behulp van FISH breuken te 
bepalen in kernen van cellen waarvan geen geprepareerde chromosomen voorhanden 
waren. Hierbij bleek, dat alle 6 bifasische synoviaal sarcomen een breuk in ons eerst 
gevonden stukje DNA hadden. Monofasische synoviaal sarcomen echter bleken meestal 
een breuk te hebben op een andere plaats. We konden nu dus onomstotelijk op DNA 
niveau vaststellen dat er twee verschillende soorten synoviale sarcomen zijn met 
verschillende breukpunten op het X chromosoom. Dit onderscheid op DNA niveau houdt 
mogelijk verband met een verschillende verhouding tussen epitheliale en spoelcellen in de 
tumor. 
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In hoofdstuk Vu staat beschreven hoe we een stukje DNA (5.500 bp groot) hebben 
kunnen isoleren afkomstig van een synoviaal sarcoom waarin precies de overgang van 
chromosoom X naar chromosoom 18 zat. Via dit stukje fusie DNA konden we ook de 
breukplaats op chromosoom 18 vaststellen. Deze breukplaats op chromosoom 18 bleek 
voor alle geteste synoviaal sarcomen (met verschillende breuken op het X chromosoom) 
steeds gelijk te zijn. Vervolgens staat in hoofdstuk VIII beschreven dat we twee genen 
gevonden hebben op het X chromosoom, die veel op elkaar lijken (SSX1 en SSX2). In alle 
geteste synoviaal sarcomen is één van deze twee verschillende genen op het X 
chromosoom gefuseerd met altijd hetzelfde gen op chromosoom 18 (SYT). Verder is 
gebleken dat er op het X chromosoom nog meer genen liggen die sterk lijken op SSX1 en 
SSX2. Deze genen zijn waarschijnlijk niet betrokken bij de translocatie in synoviaal 
sarcomen. Dit laatste is beschreven in hoofdstuk IX. 
In hoofdstuk X wordt in het algemeen nog eens besproken wat dit onderzoek heeft 
opgeleverd en wordt geprobeerd op basis van wat we nu weten over de aminozuur 
volgorde van de door de betrokken genen gecodeerde eiwitten en andere soorten van 
kanker, waarbij vergelijkbare resultaten zijn gevonden, een uitleg te geven over hoe de 
fusie kan leiden tot deregulatie van groei. Dat laatste is vooralsnog erg speculatief. 
Daarom zal ik tot slot hier alleen nog eens aangeven wat dit onderzoek nu concreet heeft 
opgeleverd. 
Wat zijn we met dit onderzoek opgeschoten? 
In grote lijnen zijn er met dit onderzoek op drie fronten vorderingen gemaakt. Ten eerste 
zijn nu een aantal genen bekend die een rol spelen bij het ontstaan van synoviaal 
sarcomen. Dit opent de weg voor fundamenteel onderzoek naar de functie van deze genen 
en de manier waarop ze betrokken zijn bij het ontstaan van kanker. Ten tweede kunnen 
deze genen in meer practische zin worden gebruikt om synoviaal sarcomen aan te tonen. 
Dit kan nu niet alleen via FISH, maar ook via een techniek die polymerase ketting reactie 
(PCR) heet. Voor de toepassing van deze techniek zijn geen levende cellen vereist. 
Bovendien is de PCR methode heel gevoelig, waardoor kleine hoeveelheden tumorcellen 
kunnen worden aangetoond tussen een groot aantal normale cellen. Hierdoor zijn de 
mogelijkheden voor diagnostiek aanzienlijk uitgebreid: een diagnose kan met meer 
zekerheid en sneller dan voorheen worden gesteld en kan met kleine hoeveelheden 
materiaal worden uitgevoerd. Verder hebben we ontdekt dat er op moleculair niveau in 
feite twee verschillende soorten synoviaal sarcomen zijn, die (in tegenstelling tot de 
histologische subtypen) duidelijk van elkaar te onderscheiden zijn. We hebben nu de 
mogelijkheid om te onderzoeken of deze soorten ook klinisch gezien verschillend zijn met 
eventuele gevolgen voor de prognose en behandeling van patiënten. 
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Doordat we nu weten dat er sprake is van fusie genen met corresponderende fusie 
eiwitten, zijn we nu in staat om testbare hypothesen op te stellen over de manier waarop 
en de mate waarin deze fusie eiwitten verantwoordelijk zijn voor het ontstaan van 
synoviaal sarcomen. Voor we echter precies zullen weten hoe de vork aan de steel zit zal 
nog heel wat meer werk verzet moeten worden. 
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LI Cancer characteristics 
Cancer is characterized by a progressive disorganization of growth, resulting in 
populations of abnormal cells that proliferate beyond their ordinary numbers and that 
disturb normal tissue structures. Based on their histogenic origin, cancers can be divided 
into various subclasses, i.e, leukemias, lymphomas and solid tumors. A further 
subdivision of solid tumors has been made since the time of the Greeks in carcinomas 
('crab'-like tumors) and sarcomas ('fungus'-like tumors) (Hajdu, 1979). Carcinomas are 
composed of epithelial cells, whereas sarcomas are mesenchymal in origin. Besides 
differences in cell types, various malignancy grades can be distinguished ranging from 
relatively benign to invasive and, finally, metastasizing. 
As tumor formation progresses, various alterations may accumulate in the cells: 1) 
prevention/reduction of terminal differentiation (Hilbert et al, 1995); 2) increased growth 
rate (Hunter, 1991; Hunter and Pines, 1991; Goodrich et al, 1991; Goodrich and Lee, 
1992; Kamb, 1995; Levine and Broach, 1995); 3) escape from apoptosis (programmed 
cell death) (Hockenbery et al, 1993; Harrington et al, 1994; Haas-Kogan et al, 1995; 
Wyllie, 1995); 4) genetic instability (Hartwell, 1995; Livingstone et al, 1992); 5) 
avoidance of the immune system (Schouten et al, 1995); 6) angiogenic ability (Folkman, 
1995; Murray, 1995; Holmsgren et al, 1995); 7) ability to pass basic membranes (Ray 
and Stetler-Stevenson, 1995); 8) ability to settle at a new site (Greenberg et al, 1989; 
Bishop, 1991). Some of these differences may be interrelated, i.e., prevention or 
reduction of cellular differentiation status may change growth rate at the same time (Chen 
et al, 1995; Vivanco et al, 1995; Schweiki et al, 1995; Boehmelt et al, 1995). Several of 
these developmental steps, however, appear to require the occurrence of independent 
(molecular) changes within the cell (Tada et al, 1989; Fearon and Vogelstein, 1990; 
Lohuizen et al, 1991; Vivanco et al, 1995). 
At the cellular level, normal tissue homeostasis is determined by the rates of respectively 
growth, differentiation and death. These dynamic processes are regulated via 
environmental signals and complex processing systems within the cell (Rubin, 1991; 
Sprague 1991; Sternberg and Horvitz, 1991; Firtel, 1991; Hynes, 1992; Hynes and 
Lander, 1992; Greenwald and Rubin, 1992; Indolii et al, 1995). Specific proteins are able 
to integrate the various signals which are received by the cell and, finally, to determine 
its response: changes in transcription rates of specific genes involved in e.g. regulating 
the cellular division program, the cell-cycle (Pawson and Hunter, 1994). Depending on 
their histogenic origin and state of differentiation, cells with the same DNA content may 
respond differently to similar signals. These different responses are coordinated by 
intricate developmental programs. Changes in the DNA code may disturb these 
developmental programs and may, therefore, lead to non-functional cellular growth and 
behaviour, i.e. cancer. 
Several pathways for the processing system regulating cellular growth, differentiation and 
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death have been identified. Although these pathways may constitute different sets of 
proteins in different cell types, usually similar protein functions may be recognized. Three 
major signalling pathways can be distinguished: the steroid hormone-, the tyrosine kinase-
and the G protein-coupled receptor pathway. Signal transduction via the steroid hormone 
receptor pathway is relatively direct. Intracellular receptors may become activated after 
binding to a signal molecule which enters the cell (e.g. a steroid hormone or retinoic 
acid) and may then be able to affect the transcription rate of (a) critical gene(s) through 
binding to its regulatory sequences (Evans, 1988; Green and Chambón, 1988; Umesono 
et al, 1991; Shulemovich et al, 1995). In the tyrosine kinase receptor pathway, an 
example of which is depicted in figure 1.1, a signal is received by the cell via binding of 
a ligand to a specific membrane-bound tyrosine kinase receptor or a membrane receptor 
activating an intracellular tyrosine kinase, which results in a cascade of activity changes 
in a series of cytoplasmic proteins (like for instance RAS, RAF, МАРК, MEK, PI-3K, 
PKC). The different signals that are generated this way are integrated, passed on to the 
nucleus and, finally, translated into the up- or downregulation of growth controlling 
genes. 
Figure 1.1: Schematic representation of a hypothetical tyrosine kinase pathway, 
constituted from results found in different cell types (after reviews by Cantley et al, 1991; 
Trewavas and Gilroy, 1991; Kazlauskas, 1994 and Clark and Brugge, 1995). AA= 
arachidonic acid; DAG= diacylglycerol; ER= endoplasmic reticulum; IP3= inositol triphosphate; MARCKS = 
major alanine-rich С kinase; MAPK= mitogen activated protein kinase; MEK= MAPK-kinase; PI-3(/5)K = 
phosphatidylinositol 3(/5) kinase; PIP= phosphatidylinositol monophosphate = PtdIns(4)P; PIP2=PtdIns(4,5)P2; 
PI(3,4)P2 = Ptdlns (3,4)P2; PI(3,4,5)P3 = Ptdlns (3,4,5)P3; PKC= protein kinase C; cPLA-2= cytoplasmic 
phospholipase A2; PLX>y= phospholipase C-7; R= ІРЗ-receptor; RAS-GAP= RAS-GTPase-activating protein. 
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The role of the third pathway in cellular signalling, the G protein-coupled receptor 
pathway (figure 1.2), is also well established (Meldolesi, 1995; Spiegel, 1995; Petrij et al, 
1995; Südhof, 1995). This pathway includes serpentine receptors, G-proteins and enzymes 
which generate second messengers (like adenylate cyclase and phospholipase C), protein 
kinases (like the Ca2+-calmodulin dependent kinase and cyclic AMP-depenpent protein 
kinase) and transcription factors (like cAMP response element-binding proteins). The G 
protein-coupled receptor pathway regulates, among others, the expression of Ca2+-
responsive genes, which may lead to prolonged cell survival and proliferation (Benzaquen 
et al, 1995; Meldolesi, 1995). Although these different pathways may seem quite 
separate, there is ample evidence that cross-talk does occur (Bernent and Capeo, 1991; 




Figure 1.2: Schematic representation of a G-protein-coupled receptor pathway (after 
Alberts et al, 1994 and review by Gosh and Greenberg, 1995). «i= inhibitory trimeri G-protem 
subunit a; as= stimulatory trimeric G-protein subunit α; ß= trimeric G-protem subunit ß; gamma = trimeric G-
protein subunit gamma; A kinase = cyclic AMP-dependent protein kinase = PKA; CAM kinase = Ca- calmodulin 
activated kinase; cAMP= cyclic AMP; CRE= cyclic AMP response element; CREB= CRE-binding protein; 
P= phosphate; SRE= serum response element. 
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1.2 DNA alterations 
Various human tumors are thought to arise by the action of carcinogenic agents as e.g. 
UV irradiation (melanoma), cigarette smoke (small cell lung cancer), naftylamine (bladder 
cancer) or asbestos (mesothelioma). Carcinogenic agents may cause mutations in the DNA 
directly or indirectly by obstructing DNA repair and/or replication processes (Henderson 
and Hurley, 1995). For some of the carcinogens more complex working mechanisms have 
been proposed. For example, DNA binding agents may alter DNA structures which, in 
turn, may lead to aberrant transcription (Henderson and Hurley, 1995). Likewise, 
inactivation of an endopeptidase by cigarette smoke, leading to the obstruction of the 
downregulation of growth responses induced by peptide hormones, has been suggested to 
play a role in the formation of small cell lung carcinomas (Shipp et al, 1991). Another 
example is the adverse effect of asbestos-induced pleural injury on mesothelial cells 
which, after a long latency period, can lead to mesothelioma (Kuwahara and Kagan, 
1995). It is thought that these latter carcinogens cause cellular stress which results in a 
non-functional response or a permissive situation and which, subsequently, renders the 
cells vulnerable to malignant transformation by a second event. 
Major insight in the question of how DNA alterations may play important role(s) in 
cancer development has evolved from studies on acute transforming RNA tumor virasses 
in birds and rodents (reviewed by Bishop, 1991; Cantley et al, 1991; Swain and Coffin, 
1992). These virasses contain transforming genes (oncogenes) which display strong 
homologies to normal cellular host genes (referred to as proto-oncogenes). These genes 
encode growth factors, membrane-bound growth factor receptors, cytoplasmic proteins 
involved in signal transduction and nuclear transcription factors (Lewin, 1991). 
Subsequent analysis of proto-oncogenes in non-virally induced cancers revealed that these 
genes may be present in a mutant form. An example is the RAS gene in which codon 12, 
61 and 116-119 point mutations have been found. These mutations result in a reduction of 
GDP/GTP exchange which normally down regulates RAS activity (Greenberg et al, 1989; 
Lowy et al, 1991). This, in turn, leads to a constitutively activated RAS protein which 
constantly signals in favor of proliferation. Occasionally, proto-oncogenes may be 
affected in families in which cancer syndromes segregate, e.g. the RET proto-oncogene in 
patients with Multiple Endocrine Neoplasia type 2A (MEN2A) and 2B (MEN2B) 
(Lanfrancone et al, 1994; Mak and Ponder, 1996). In patients with these syndromes 
mutant RET genes are present in all body cells, including the germline. The 
corresponding mutant protein, however, is only found in cell types which normally 
express RET. 
For another category of genes implicated in cancer development, the tumor suppressor 
genes, mutations result in loss of function. If such mutations are transmitted through the 
germline, a cancer susceptibility syndrome may be the result (Knudson, 1993). Various 
tumor suppressor genes have been found by studying families with such cancer 
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susceptibility syndromes (Leach et al, 1993). Functions normally performed by tumor 
suppressor genes include (down-) regulation of the rate of cell division (RBI; Nevins 
1994), cell adhesion and intercellular communication (FAP; Rubinfeld et al, 1993, Li-Kuo 
et al, 1993) and the maintenance of cell architecture (NF2; Gusella et al, 1996). Another 
(classical) example of a tumor suppressor is p53, a transcription factor that plays a role in 
controlling the cellular response to DNA damage (Lu and Lane, 1993; Lanfrancone et al, 
1994; Cross et al, 1995). Loss of p53 activity leads to genetic instability under 
circumstances in which p53 would normally have been induced (Lu and Lane, 1993). 
Through the study of DNA tumor virusses, like SV40-, papilloma-, polyoma- and 
adenovirus, it was revealed that these virusses encode proteins which may form 
complexes with one or more cellular host gene products, thereby activating (in case of 
proto-oncogenes) or inactivating (in case of tumor suppressor genes) them (Hunter, 1991; 
Hunter and Pines, 1991). The fact that several proteins may be sequestered at the same 
time appears to be essential for the transforming potential of these virusses. This mode of 
action is in agreement with the notion that cancer may result from multiple molecular 
changes within the cell (Hunter, 1991; Hunter and Pines, 1991; van Lohuizen et al, 1991; 
Knudson, 1993). 
DNA repair systems are involved in several hereditary syndromes that predispose to 
cancer, e.g. ataxia telangiectasia (AT), xeroderma pigmentosum (XP), Fanconi anemia 
(FA), Bloom syndrome (BS), Cockayne syndrome (CS) and hereditary non-polyposis 
colorectal cancer (HNPCC) (Leach et al, 1993; Fishel et al, 1993; Parsons et al, 1993; 
Jung et al, 1995; Nowak, 1995; Savitski et al, 1995). In these cases faulty DNA repair 
results in an elevated mutation rate which, indirectly, leads to tumor formation 
(Lanfrancone et al, 1994). 
Often the chromosomal constitution of tumor cells differs significantly from that of 
normal cells. Sometimes these differences are relatively subtle, comprising losses or gains 
of one (or a few) chromosome(s), (reciprocal) translocations, inversions or cytogenetically 
visible deletions. But also highly complex karyotypes can be found, often containing 
multiple copies of (nearly) the complete set of chromosomes and multiple (unidentifiable) 
marker chromosomes. Other aberrations include homogeneously staining regions (HSRs), 
abnormally banding regions (ABRs) and small extrachromosomal fragments, called double 
minutes (DMs). These latter anomalies are associated with the amplification of specific 
chromosomal segments (Mitelman, 1988; Heim and Mitelman, 1995). At present, various 
recurrent chromosomal anomalies have been identified that are specifically encountered in 
certain tumor types (Teyssier, 1989; Sandberg, 1990; Rabbitts, 1994; Heim and 
Mitelman, 1995). Since, occasionally, such anomalies are the only ones present in the 
tumor cells (Turc-Carel et al, 1987), they are considered as primary changes causally 
related to initial stages of tumor formation. As such, they represent helpfull diagnostic 
and prognostic tools. They may also be relevant for de vicing treatment strategies 
(Hashimoto et al, 1995). 
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Mechanistically, two types of tumor-specific chromosomal translocations can be 
distinguished. The first type results from the fusion of regulatory elements of genes which 
are highly expressed in certain cell types (e.g. immunoglobulin chain genes in В cells or 
Τ cell receptor genes in Τ cells) to (nearly) intact genes which are normally not expressed 
or tightly regulated in those same cell types. Most of these aberrantly activated genes 
encode transcription factors of which many are thought to play a role in the regulation of 
cellular growth and differentiation processes (e.g. MYC, HOX 11, TAN1, RTBN2). Up 
till now, this type of translocation has mainly been found in hematopoietic disorders, i.e., 
leukemias and lymphomas (Rabbitts, 1994). The second type results from the fusion of 
parts of separate genes which leads to the production of fusion RNAs and proteins within 
the cells that are affected (listed in table 1.1; adapted from Rabbitts, 1994). 
Table 1.1: Chromosomal translocation breakpoints and genes. 
a) Not resulting in a fusion protein; haematopoietic tumors. 
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Α-T hook + Ser-Pro 
Α-T hook + (Ser-Pro) 
Α-T hook + Ser-Pro 
Α-T hook + (Ser-Pro) 
Α-T hook + » 
Α-T hook + 7 
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DNA binding + Zn-flngers 
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HMGI-like DNA binding (AT hooks) 
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 + tyrosine kinase 
Gln-Ser-Tyr + DNA binding 
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Gln-Ser-Tyr + (DNA binding)/ZIP Liposarcoma 
PB/HD + DNA binding 
Gln-Ser-Tyr + DNA binding 
Gln-Ser-Tyr + total TEC 
(including Zn-fingcr) 









small round cell tumor 
PB/HD + DNA binding 
AT hooks + LIM (3,12) or 
Ser, Thr rich (12.15) or ' 
AT hooks + ? 
Gln-Ser-Tyr + total CHOP 






The main protein motifs or structural elements are usually deduced from cDNA sequence. In b), the motifs 
indicated in the putative fusion proteins are those likely to be the important molecule in tumor pathogenesis. In 
most cases this is an aasumption which is not yet confirmed by functional data. Note that the consequence of 
gene fusion between MLL and AF9 is that the extent of AF9 protein fused to MLL in translocation t(9; 11) is 
variable and in one fusion the AF9 region is not Ser-Pro rich. This variability is indicated by parentheses. In 
addition, only a small amount of AFX1 sequence was yet available (1994) and, although this indicates a Ser-Pro 
rich sequence, this remained to be verified. Abbreviations used: PB = paired box;HD = homeodomain; (b)ZIP 
= (basic region) leucine zipper; b-HLH = basic helix-loop-helix motif; LIM = cysteine rich motif; HMG = 
high mobility group, AD = transcriptional activation domain, TM = TM sequence; RARA = retinole acid 
receptor-α; IL = mterleukin. Disease nomenclature: BL = Burkitt's lymphoma; FL = follicular lymphoma; AL 
= acute leukemia; CL = chronic leukemia, ALL = acute lymphocytic leukemia (T- or B-cell); CLL = chronic 
lymphocytic leukemia (T- or B-cell); PLL = prolymphocyte leukemia; CML = chronic myelogenous leukemia; 
AML — acute myelogenous leukemia; APL = acute promyelocyte leukemia; AUL = acute undifferentiated 
leukemia; NHL = non-Hodgkin's lymphoma; CMML = chronic myelomonocytic leukemia; DLCL = diffuse 
large-cell lymphoma. Adapted after Rabbins (1994). Sections a) and b) have not been updated and therefore 
represent the situation in 1994. Section c) has been updated. References other than Rabbins: Jeon et al, 1995: 
t(7,22); Labelle et al, 1995. t(9;22); Ladanyi and Gerald, 1994: t(ll;22)(pl3;ql4); Davis et al, 1994: t(l;13); 
Ashar et al, 1995: t(var;12)(var; ql3-15); Schoenmakers et al, t(12-14); Panagopoulos et al, 1996: t(12;22) in 
myxoid liposarcoma. 
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The partners involved in these fusion proteins have been assigned diverse functions, 
ranging from the regulation of programmed cell death (BCL-2; Hockenbery et al, 1993; 
Veis et al, 1993; Wyllie, 1995), cell cycle control (Cyclin DI; Hinds, 1994; Kamb, 1995) 
(ABL; Welch and Wang, 1993) (CHOP; Crozat et al, 1993) (NPM; Morris et al, 1994), 
signal transduction (PDGFRß; Golub et al, 1994) (ALK; Morris et al, 1994) (RET; Greco 
et al, 1993), gene transcription (FLI-1; ERG; E2A; ATF1; FUS; Rabbitts, 1994; Cooper, 
1996) and cellular differentiation (RARa; FKHR; PAX3; PBX-1; MLL; PLZF; Chen et 
al, 1993; Rabbitts, 1994). Some of these fusion proteins have a limited specificity, i.e., 
they can be found in a range of different tumor types. Different MLL-containing fusion 
proteins, for instance, may be encountered in both B- and T-cell lineage malignancies. 
1.3 Synovial sarcoma 
Synovial sarcomas usually arise in the (lower) extremities of adolescents and young 
adults. Other major sites of occurrence are the head and neck region (11%) and the 
abdominal wall (9%). The tumors are prone to the formation of metastases, which most 
often spread to the lungs and, less frequently, to other sites like lymph nodes, brain and 
bone (Hajdu, 1979; Henderson et al, 1991). The mean age of the patients lies between 30 
and 35 years (Schmidt et al, 1991), ranging from 11 months (Kester, 1990) to 81 years 
(Lopes et al, 1994). Synovial sarcomas constitute about 5-6 percent of the soft tissue 
sarcomas, making it the most frequent soft tissue tumor after rhabdomyosarcomas and 
malignant peripheral neuroectodermal tumors (MPNET) in children (Schmidt et al, 1991). 
The tumors are often slow growing (Haagensen and Stout, 1944), can range in size from 
0.5 cm to 18 cm (Henderson et al, 1991), but usually do not exceed 7 to 8 cm (Hajdu, 
1979). The larger masses are grayish (Hajdu, 1979) or whitish (Henderson et al, 1991) in 
color with varying degrees of haemorrhage and necrosis. They are poorly circumscribed, 
not encapsulated and have been found growing around nerves, blood vessels and skeletal 
muscle. Sometimes they invade underlying bone. Besides, calcification can be found. 
Mitotic activity is variable and necrosis can be present not related to size, site or mitotic 
activity (Henderson et al, 1991; Schmidt et al, 1991). 
Synovial sarcomas consist of fibroblast-like and epithelial-like cells, often separated by a 
basal membrane (figure 1.3) (Fisher, 1986). The first description of a synovial sarcoma 
arising from synovial tissue was published in 1865 (Simon, 1865; Cadman et al, 1965). 
However, the term 'synovial sarcoma' was first coined in 1934 (Sabrazes et al, 1934; 
Hajdu, 1979; Fisher, 1986) and established in 1944 (Haagenson and Stout, 1944; 
Henderson and Hurley, 1991). This name was used since the glandular elements found in 
(some of) these tumors were originally thought to exhibit synovial differentiation (Smith 
et al, 1995). Besides, the tumors were often found in close association with tendon 
sheaths, bursae and joint capsules (Schmidt et al, 1991). At present, however, it has 
become clear that synovial sarcomas do not arise from synovial tissue. 
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Figure 1.3: Electronmicroscopical picture of synovial sarcoma cells. Two or more cells 
form a rounded unit with intercellular spaces; external lamina may be absent (top) or 
continuous (bottom), (a: monophasic tumor x9,450. b: biphasic tumor x8,500. 
Reproduced from Fisher, 1986. Copyright W.B. Saunders Company. 
Ultrastructural studies have identified oval and polygonal cells with slender cell processes 
(villus-like filopodia) or true microvilli, external lamellae, cell junctions including tight 
juncions, canaliculi and microlumina as in true epithelial cells, which are not seen in 
synovial tissues (Ghadially, 1987; Yang and Zhao, 1989; Dickersin, 1991). Besides, the 
location of the tumor is not always in the vicinity of synovial tissues (Hajdu, 1979). Also 
the immunohistochemical picture does not fit synovial cells. Normal synovial lining is 
composed of both macrophages (type A cells), probably of bone marrow derivation, and 
fibroblastic synoviocytes (type В cells). Immunohistochemically the macrophages are 
positive for the surface markers CD45 and CD68 and can be detected by the monoclonal 
antibody (Mab) Mac 387 (Smith et al, 1991). However, in synovial sarcoma the type A-
like cells are negative for these markers (Smith et al, 1991). The fibroblastic synoviocytes 
strongly express VCAM-1 and the antigen detected by Mab 67. Furthermore, they 
produce high activities of the enzyme uridine diphosphoglucose dehydrogenase (UDPGD). 
The type A- and B-like cells of synovial sarcoma, however, do not react with the 
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corresponding antibodies and do not show UDPGD activity (Smith et al, 1995). 
Reversely, synovial sarcoma cells are positive for epithelial markers like cytokeratins and, 
sometimes, epithelial membrane antigen (EMA) and carcino embryonic antigen (CEA) 
(Ordonez et al, 1990; Schmidt et al, 1991; Dickersin, 1991; Dardick et al, 1991). Also 
expression of desmoplakins in the glandular epithelial component of synovial sarcomas 
has been reported (Miettinen, 1991). These features are not found in synovial lining cells. 
Therefore, the conclusion should be drawn that 'synovial sarcoma' is really a misnomen. 
Alternative names have been proposed by several authors, among which 'soft tissue 
carcinosarcoma' (Miettinen et al, 1983; Ghadially, 1987; Schmidt et al, 1991; Smith et 
al, 1995) is most favourite. However, the term synovial sarcoma is still the one used in 
practice. The tumor may be derived from a primitive precursor cell with the capability of 
differentiation towards both epithelial-like (ectodermal, endodermal or mesodermal) and 
fibroblast-like cells (of mesodermal origin) (Ghadially, 1987; Schmidt et al, 1991). 
However, according to other authors only epithelial differentiation is present, in which 
case the vimentin and reticulin positive mesenchymal cells are thought to be predecessor 
cells from which the epithelial cells arise (Lopes, 1994). 
In 1965 Cadman et al first described a so called monophasic variant of synovial sarcoma, 
consisting of spindle cells alone (Cadman et al, 1965; Henderson et al, 1991). This 
variant is now recognised as being relatively common. The originally described tumor 
type was then called biphasic. A further refined classification has been proposed (Schmidt 
et al, 1991) in which a destinction is made beween biphasic, monophasic fibrous, 
monophasic epithelial and poorly differentiated synovial sarcomas. In this classification 
biphasic synovial sarcomas consist of two distinct components, a fibrosarcoma-like 
component containing spindle-shaped cells and an epithelial-like component forming acini, 
tubules, cysts or solid groups of cells. Monophasic fibrous synovial sarcoma is mainly 
composed of spindle cells. However, rare epithelial-like cells can be demonstrated by 
conventional light microscopic and/or immunohistochemical studies. Monophasic 
epithelial synovial sarcoma consists predominantly of epithelial-like cells strongly 
resembling adenocarcinoma but with the presence of a minor malignant spindle cell 
component. Poorly differentiated synovial sarcoma consists of plump oval cells, without 
differentiation into epithelial-like or fibrosarcoma-like components (Schmidt et al, 1991). 
Hajdu (1979) described, besides the subgroups mentioned above, two additional, 
extremely rare subtypes: epitheloid sarcomas and clear cell sarcomas. Whether these 
represent true synovial sarcomas can be disputed, especially since in the clear cell 
sarcoma a t(12;22) chromosomal translocation has been found (Zucman et al, 1993). 
1.4 t(X;18)(pll.2;qll.2) 
The presence of the chromosomal translocation (X;18)(pll.2;qll.2) in synovial sarcoma 




II И Й 
10 11 12 
16 17 18 
Χ 
Figure 1.4: Karyotype found in synovial sarcoma cells. R-banded chromosomes. Panel a: 
metaphase spread. Panel b: corresponding karyogram showing the presence of a der(18) 
(arrowhead) and der(X) chromosome (arrow) characteristic for synovial sarcoma. 
Subsequently, Turc-Carel et al (1987) and Smith et al (1987) independently published the 
presence of this translocation in series of 5 and 3 different synovial sarcomas, 
respectively, comprising both monophasic and biphasic tumors. Since then, the number of 
synovial sarcomas found to contain this translocation has grown considerably (Limon et 
al, 1991; Sandberg, 1994). Translocation (X;18)(pll.2;qll.2) has not been found in other 
types of tumors so far, except for one presumed fibrosarcoma (Mandahl et al, 1988). 
Therefore, it is considered to be the cytogenetic hallmark of synovial sarcoma (Fletcher et 
al, 1991; Dal Gin et al, 1992; Heim and Mitelman, 1995). The (X;18) translocation is 
present in all tumor cells, sometimes as the only chromosomal anomaly (Turc-Carel et al, 
1987), indicating that it may be a primary change related to tumor formation. Often both 
reciprocal translocation products are present, but sometimes the derivative chromosome 
18 is lost or masked due to a more complex rearrangement involving three or more 
chromosomes (Sandberg, 1990). As the presence of der(X) is most highly correlated with 
synovial sarcoma, it can be concluded that the corresponding (gene-) product is likely to 
be essential for tumor formation. In this thesis a search for gene(s) located at or near this 
translocation breakpoint is described. 
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1.5 Outline of the thesis 
During the past decade, the status of t(X;18)(pll.2;qll.2) as the cytogenetic hallmark of 
human synovial sarcomas has firmly been established by several investigators (Turc-Carel 
et al, 1987; Molenaar et al, 1989; Fletcher et al, 1991; Limon et al, 1991; Heim and 
Mitelman, 1995). However, discrepancies arose about the exact location of the breakpoint 
on the X chromosome. Reeves et al (1989) mapped the critical region proximal to the 
markers DXS146 (TAK8B) and DXS7 (L1.28) and distal to DXS14 (p58-l) and DXZ1, 
whereas Gilgenkrantz et al (1990) found that the breakpoint must be located distal to the 
markers DXS255 (M27ß) and DXS146 (TAK8B) and proximal to TIMP, ARAF1 and 
GAPDP1, so more telomeric. 
We started out by mapping several known DNA markers relative to the (X;18) breakpoint 
as it was present in a synovial sarcoma-derived somatic cell hybrid. As a result of these 
mapping efforts, a yeast artificial chromosome (YAC) covering the Xpll.2 breakpoint 
region could be identified (chapter II). An example of how this observation could be used 
to decipher a complex translocation containing a cryptic synovial sarcoma-specific (X;18) 
fusion is provided in chapter III. The subsequent analysis of a larger series of tumors 
revealed that two alternative Xpll.2 breakpoints may be encountered in different cases. 
In addition, it was found that the observed differences in breakpoints appear to correlate 
with the classification of the tumors into the monophasic and biphasic subtypes. These 
results are reported in chapters IV, V and VI. Subcloning of one of the breakpoint-
spanning YACs led to the isolation of cosmids hybridizing to both sides of the breakpoint 
(chapter IV) and, finally, the identification of a 5.5 kb chimaeric genomic fragment 
containing both chromosome X and 18 sequences (chapter VII). Subsequently, RT-PCR 
was performed on a series of tumors of which the Xp breakpoints had previously been 
determined by fluorescence in situ hybridization (FISH). We found that as a result of the 
translocation two distinct but homologous genes on the X chromosome, SSX1 and SSX2, 
may fuse to a single gene (SYT) on chromosome 18 (chapter VIII), completely in line 
with the previously observed differences in Xpll.2 breakpoints. During the course of our 
search for the normal gene products, we found that additional SSX genes are present 
within the human genome (chapter IX). These genes do not seem to be involved in 
fusions with SYT. Finally, the possible functions of the t(X;18)(pll.2)(qll.2)-associated 
gene products and their putative role(s) in synovial sarcoma development are discussed in 
chapter X. 
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ABSTRACT 
A somatic cell hybrid containing the synovial sarcoma-associated t(X;18)(pll.2;qll.2) 
derivative X chromosome [der(X)] was used to specify the translocation breakpoint 
region on the X chromosome. By using Southern hybridization of DNA from this 
der(X) hybrid in conjunction with Xp-region specific radiation reduced cell hybrids 
and probes, it was found that this breakpoint maps within the ornithine 
aminotransferase (OAT)Ll cluster. A YAC clone (OAT YAC2) which hybridized to a 
human OAT cDNA probe and known to contain part of the OATL1 cluster was 
selected and used to confirm these results both by fluorescent in situ hybridization on 
synovial sarcoma patient material and by hybridization of its end-clones to the der(X) 
containing hybrid cells. It was found that indeed the human Xp sequences contained 
within this YAC are split as a consequence of the (X;18) translocation. Therefore, we 
conclude that OAT YAC2 spans the synovial sarcoma-specific translocation 
breakpoint and, as such, may serve as an ideal starting point from which the gene(s) 
involved in the development of this soft tissue tumor can be isolated. 
INTRODUCTION 
In recent years evidence has been accumulated indicating that in hematological tumors the 
occurrence of tumor specific chromosomal aberrations is causally related to the process of 
tumor development and to the nature of the malignancy itself (Mitelman, 1990; Rowley, 
1990; Sandberg, 1990). In various cases it has been shown that, as a result of a 
chromosomal translocation, expression patterns of oncogenes are altered or deregulated 
(Sawyers et al., 1991). To date, however, little is known about specific sequences or 
genes involved in chromosomal translocations in solid tumors. This scarcity of 
information can mainly be attributed to the occurrence in solid tumors of more complex 
karyotypes as compared to hematological malignancies, and the difficulty to obtain 
suitable patient material for cytogenetic and molecular analysis. Nevertheless, in some 
solid (particularly soft tissue) tumors, as for example synovial sarcoma, specific 
translocations have been found (Turc-Carel et al., 1987; Mitelman and Heim, 1990). 
Synovial sarcoma is the fourth most common type of soft tissue sarcoma and occurs 
mainly in the lower extremities of adolescents and young adults. The tissue of origin of 
this tumor is at present still unclear (Miettinen et al., 1983; Corson et al., 1984; Fisher, 
1986), but for many years the tumor has been recognized as a soft tissue tumor with a 
distinct biphasic morphology. Later, the occurrence of a fibrosarcoma-like type with only 
a "spindle cell" componenent has been acknowledged, permitting the diagnosis of 
monophasic synovial sarcoma (Miettinen et al., 1983). The less differentiated monophasic 
type is difficult to diagnose because of similarities with fibrosarcoma, malignant fibrous 
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histiocytoma and malignant schwannoma (Dickersin, 1991). In this latter case, a 
differential diagnosis may be obtained via chromosome analysis (Fletcher et al., 1991). 
At present, cytogenetic analyses have been carried out on a relatively large number of 
synovial sarcomas and a specific chromosomal translocation (X;18)(pll.2;qll.2) alone, 
or in association with other abnormalities, is consistently observed (Turc-Carel et al., 
1986, 1987; Limon et al., 1986, 1991; Griffin and Emanuel, 1987; Wang-Wuu et al., 
1987; Smith et al., 1987; Noguera et al., 1988; Ueda et al., 1988; Marc'Hadour et al., 
1991; Miozzo et al., 1992). Due to its specific character, this translocation constitutes a 
primary cancer-associated abnormality and the breakpoint regions are, therefore, of 
particular interest. A few preliminary studies have been reported aimed at the localization 
of the tumor-specific breakpoints relative to marker genes known to be located on the 
chromosomes X or 18, in conjunction with tumor-derived cell hybrids or in situ 
hybridization on primary tumor cell metaphase chromosomes (Reeves et al., 1989; 
Cannizzaro et al., 1989; Gilgenkrantz et al., 1990). 
Here we report, by using a well characterized somatic cell hybrid containing the synovial 
sarcoma-specific derivative X [der(X)] chromosome as the only human X or 18 material, 
that the breakpoint region on the X chromosome is localized within the ornithine 
aminotransferase (OAT)-Ll cluster. As a consequence, a corresponding yeast artificial 
chromosome (YAC) of approximately 550 kb that spans the breakpoint region could be 
identified. 
MATERIAL AND METHODS. 
Somatic cell hybrids and patient material. 
The hybrid cell line Hlsynsarc was isolated after fusion of the Chinese hamster CH3S 
cell line with primary t(X;18)-positive synovial sarcoma cells as described before 
(Gilgenkrantz et al., 1990). These cells have retained the der(X) chromosome as the sole 
chromosome X or 18 material. ST90 08986 is another primary t(X;18)-positive synovial 
sarcoma (from a male patient) and was kindly provided by Drs. A.A. Sandberg and A. 
Meloni, Genetrix Inc., Scottsdale, Arizona. Hybrid cell line 578 has been derived from 
the fusion of Chinese hamster Wg3-h and normal human cells. This hybrid has only 
retained the human X chromosome (Wieacker et al., 1984). 
Southern blot analysis. 
DNAs were isolated according to Jeffreys and Flavell (1977), digested to completion with 
restriction enzymes, and, after gel electrophoresis, blotted onto Genesereen Plus nylon 
membranes (DuPont). Probes were labeled using the random primer extension protocol 
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according to Feinberg and Vogelstein (1984). Hybridizations were performed in 0.5 M 
P0 4 , ImM Na2EDTA and 7% SDS (w/v) overnight at 65°C. Blots were washed twice in 
40mM P0 4 , 0.1% SDS at 65°C, or lOmM P0 4, 0.1% SDS at 65°C. The probes used 
were: the OAT cDNA clone HuOAT-6 (Mitchell et al., 1988), and the PCR products 524 
and 525 described below. 
In situ hybridization. 
AH fluorescent in situ hybridization (FISH) procedures used were essentially as described 
previously (Suijkerbuijk et al., 1991, 1992; Sinke et al., 1992). Briefly, probes were 
labeled with biotin-11-dUTP (Sigma) or digoxigenin-11-dUTP (Boehringer) using a nick-
translation kit (Gibco, Life Technologies). The labeled DNA was purified through a 
Sephadex G50 column and precipitated in the presence of sonicated herring sperm DNA 
(50μg) and sonicated total human DNA (200 ng YAC probe DNA with lO^g total human 
DNA per incubation; Driesen et al., 1991). This mixture was dissolved in 10 μΐ of a 
hybridization solution (50% v/v deionized formamide, 10% w/v dextrane sulphate, 
2xSSC, 1% v/v Tween-20, pH 7.0). Prior to hybridization, the probe was denatured at 
80°C for 10 minutes, chilled on ice, and incubated at 37°C for 3-4 hours allowing 
preannealing. In case of centromeric probes or chromosome libraries no preannealing was 
performed and the probe concentrations were 20 ng and 100 ng per reaction (the latter in 
the presence of 50 fold Cot-1 DNA), respectively. Metaphase spreads were prepared 
using standard procedures. The slides were pretreated with RNase A (100 μg/ml in 
2xSSC at 37 °C for 1 h) followed by paraformaldehyde treatment. Subsequently, the slides 
were denatured in 70% formamide, 2xSSC, pH 7.0, at 70°C for 2-3 minutes and 
incubated with the probes under an 18x18 mm coverslip in a moist chamber for 1-3 
nights. 
Immunocytochemical detection of the hybridizing probes was achieved using fluorescein 
isothiocyanate (FITC)-conjugated avidin (Vector laboratories) followed by an 
amplification step using biotinylated goat anti-avidin (Vector laboratories) and another 
FITC-avidin step (according to Pinkel et al., 1988) in case of biotinylated probes, or 
Rhodamin-conjugated sheep anti-digoxigenin (Boehringer Mannheim) and amplification 
with Texas Red-conjugated rabbit anti-sheep antibody (Jackson Immunoresearch) in case 
of digoxigenin labeled probes. The slides were mounted in anti-fade medium (1.4% w/v 
di-azobicyclo-(2,2,2)-octane, DABCO; Merck) containing 4,6-diamino-2-phenylindole 
(DAPI, 0.5 ^g/ml, Sigma) or propidium iodide (0.5 /tg/ml, Sigma) for counterstaining of 
the chromosomes. The probes used were the centromere X (pBamX5)- and 18 (LI. 84)-
specific alphoid sequences (kindly provided by Dr. P. Devilee) and the X (pBSX)- and 18 
(pBS18)-specific libraries (kindly provided by Dr. J. Gray; Collins et al., 1991) 
YAC end-clone isolation and hybridization. 
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Vector-Alu PCR (Alu BK33 primer: 5'-CTGGGATTACAGGCGTGAGCC-3'; 524 
p r i m e r : 5 ' - G T T G G T T T A A G G C G C AAG-3 ' ; 525 p r i m e r : 5 ' -
GTCGAACGCCCGATCTCAAG-3') experiments were performed as reported previously 
(Berger et al., 1992b). The PCR products obtained were loaded onto a low melting point 
agarose gel and, after electrophoresis, vector-Alu specific bands were sliced out and 
radioactively labeled as described above. After 4 hours of preincubation in the presence 
of 250 μ% of total human DNA (in 100 μΐ of a hybridization mixture containing 0.12 M 
P04) the probes were hybridized to Southern blots containing total human and Hlsynsarc 
as well as control hamster and YAC DNAs (Berger et al., 1992b). 
RESULTS. 
Ordering of probes in the Xpll.2 region. 
The ordering of probes within the Xpll region is based on both literature data (HGM11) 
and the analysis of a set of radiation reduced hybrids, as recently reported by Berger et 
al. (1992a). Briefly, Xp-derived reference probes were tested on Southern blots containing 
DNAs extracted from these hybrids containing small chromosomal fragments that 
correspond to regions of the proximal Xp arm. This analysis, in combination with the 
above mentioned data obtained from the literature, resulted in a most likely probe order 
as presented in Figure ILL These mapping data were subsequently used for a refined 
localization of the t(X;18) breakpoint. 
Fine mapping of the breakpoint on the X chromosome. 
For the localization of the t(X;18) breakpoint a somatic cell hybrid (Hlsynsarc; 
Gilgenkrantz et al., 1990), containing the der(X) chromosome of the translocation, was 
used. By performing FISH with chromosome X and 18 -specific libraries as probes on 
metaphase spreads of Hlsynsarc cells it was confirmed that only one (translocation-) 
chromosome stained (i.e. 'painted') positive both with the #X and the #18 libraries. This 
same chromosome also hybridizes to a human X-specific centromere probe (not shown). 
In addition, karyotyping of the hybrid using R banding revealed the presence of a genuine 
der(X) chromosome in addition to a number of other human chromosomes, except for X 
and 18, as reported previously (Gilgenkrantz et al., 1990). 
As summarized in Figure II. 1, no hybridization was observed for the more telomeric 
markers DXS117 to TIMP on Southern blots containing Hlsynsarc-derived DNA, 
whereas a positive signal was observed for the more centromeric markers DXS266 to 
DXZ1. From our Xp mapping and literature data we previously (Berger et al., 1992a) 
concluded that the OATL1 cluster could be located between ΉΜΡ and DXS266 on the X 
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Figure П.І: Diagram illustrating the most likely order of a series of DNA markers (see 
HGM 11, 1991) in the synovial sarcoma (SS)-specific breakpoint region on the X 
chromosome (see also Berger et al., 1992a). Arrowheads indicate the position of the 
markers TIMP and DXS266 surrounding the SS-specific breakpoint (absent and present 
on the Hlsynsarc hybrid, respectively). 
Hybridization patterns of Huoat-6. 
For further analysis of OATLl sequences relative to the synovial sarcoma-specific 
breakpoint Huoat-6, a cDNA probe corresponding to the OAT gene which is located on 
human chromosome 10, was used. In addition to the chromosome 10 locus, it has been 
found that this probe also hybridizes to two clusters of OAT-like sequences, OATLl and 
OATLl, on the X chromosome (Ramesh et al., 1987; Mitchell et al., 1988; Lafreniere et 
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al., 1991). Analysis of Huoat-6 hybridization on ЕсоШ and Hindlll cleaved normal total 
human DNAs revealed a number of bands (Figure II.2) that nicely correspond to those 
reported by Lafreniere et al. (1991, and personal communication). Information on the 
origin of the specific bands in Figure II.2 is, therefore, indicated according to Lafreniere 
et al. (1991). After hybridization of Hindlll digested total human DNA with the OAT 
cDNA probe two bands corresponding to the autosomal OAT gene (indicated with an A) 
can be seen. In addition, four bands can be observed that correspond to the OATL2 region 
(indicated with a 2) and seven bands corresponding to the OATL1 region (indicated with a 
1). Bands indicated with 1,2 represent OATL1 and OATL2 co-migrating fragments. 
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Figure Π.2: (previous page) Southern blot containing Hindlll digested normal female, 
male, t(X;18)-derived Hlsynsarc and control hamster DNA, hybridized to the OAT cDNA 
probe. Q/17L7-specific bands are marked by 1, OATL2 bands by 2, autosomal OAT bands 
by A, and hamster-specific bands by H (see Lafreniere et al., 1991). OATLl bands that 
are absent in Hlsynsarc DNA are marked by arrows. 
Similar hybridizations were performed on Hindlll cleaved DNAs derived from the der(X) 
containing hybrid Hlsynsarc (Figure II.2). The latter results revealed that two bands from 
the OATLl region are missing from the Hlsynsarc DNA as compared to the total human 
(male and female) DNAs (indicated by arrows). Since all other bands from the OATLl 
cluster appear to be present in Hlsynsarc, we conclude that the chromosomal breakpoint 
in this patient-derived material must reside within the OATLl cluster. All hybridizing 
bands from the OATL2 cluster, which are located more proximal on the X chromosome, 
were found to be present in Hlsynsarc, as expected (Figure II.2). In contrast, the 
autosomal bands were absent, indicating loss of chromosome 10 in Hlsynsarc which is in 
agreement with the cytogenetic data (see above and Gilgenkrantz et al., 1990). In 
addition, a hamster-specific hybridizing band of approximately 10 kb can be recognized in 
the different Hindlll digested hamster and Hlsynsarc DNAs (indicated with an H). After 
EcoRl digestion of the different DNAs similar results were obtained: again two of the 
bands corresponding to the OATLl cluster were missing in the Hlsynsarc DNA as 
compared to the normal human controls (not shown). 
YACs containing DNA from the OATLl region. 
After screening of primary filters of the ICRF human YAC library (Larin et al., 1991) 
with HuOAT-6, three YACs containing sequences from the OATLl region were obtained. 
These will be referred to as OAT YACs 2, 3 and 6. In addition, some YACs containing 
OATL2 sequences were obtained and included in our studies (YACs 1, 7 and 10). The 
localization of the YACs was verified by using the different YAC DNAs as probes in a 
series of fluorescence in situ hybridization experiments. Hybridization of biotinylated 
YAC2 DNA on normal human metaphase spreads followed by detection with FITC-
conjugated avidine (see Materials and Methods) resulted in a clear signal on the X 
chromosome just above the centromere (Figure II.ЗА; see colour pages), which 
corresponds to the previously reported localization of OATLl. No specific signals were 
observed on any other human chromosome. In a similar experiment, using the OATL2 
YAC7 as a reference probe, it appeared that YAC2 maps telomeric to YAC7, which 
again is in agreement with the relative positions of OATLl and OATL2 on the X 
chromosome. 
Hybridization of YAC2 on metaphase spreads of Hlsynsarc cells revealed that in this 
hybrid a YAC signal was present on the der(X) translocation chromosome (also 
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hybridizing to the X-centromere probe; results not shown). The other two OATL1 YACs 
showed, besides the expected signals on Xp, additional signals on other human 
chromosomes and were, as apparent chimeric products, excluded from our further studies 
on patient material. 
Analysis of YAC2 on synovial sarcoma patient material. 
For further investigation of synovial sarcoma patient material the OATL1 YAC2, which 
contains approximately 550 kb of human DNA, was used. After FISH analysis of an 
additional t(X;18) patient (ST 90 08986; male), a clear signal could be observed both on 
the der(X) and on the der(18) translocation chromosomes (Figure II.3B; see colour 
pages). This observation substantiates our above suggestion that YAC2 must be split by 
the (X;18) translocation. In order to further establish that YAC2 really spans the synovial 
sarcoma breakpoint, end-clones were generated using vector-Alu PCR techniques. Both 
end-clones of YAC2 gave a signal on the X-only somatic cell hybrid 578 after competitive 
Southern hybridization, which confirms that they both are specific and located on the X 
chromosome. No signals were observed in the two independent YACs 3 and 6 (Figure 
Π.4), which is in agreement with the above notion that these YACs represent chimeric 
products. Both YAC2 end-clones also appeared to be present on a radiation reduced 
hybrid (19C5) containing a limited Xp segment spanning the region between the marker 
loci DXS7 and DXS266 (see Fig. II. 1 and Berger et al., 1992a). However, when tested 
on Hlsynsarc DNA [indicated by t(X;18) in Figure II.4], only one of the endclones (nr. 
525) turned out to be present, whereas the other one (nr. 524) was absent. In addition, we 
have selected a number of YAC2 cosmids (details to be published elsewhere) some of 
which are present and some of which are absent from the der(X) containing hybrid 
Hlsynsarc. Again, these results are in full accordance with the above notion that this 
YAC covers the synovial sarcoma-specific t(X;18)(pll.2;qll.2) breakpoint region. 
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Figure II.4: (previous page) Hybridization patterns of the YAC2 end-clones 524 (left 
panel) and 525 (right panel) on normal male, YAC2, YAC3, YAC6 and t(X;18)-derived 
Hlsynsarc DNAs, cleaved with EcoRl. 
DISCUSSION. 
In this study we have obtained evidence indicating that the synovial sarcoma-specific 
t(X;18)(pll.2;qll.2) breakpoint region on the X chromosome must be located within the 
OATL1 gene cluster, at least in those cases that we studied. Our results are in accordance 
with previous observations made by Cannizzaro et al. (1989) using a radioactively labeled 
OAT probe for in situ hybridization on synovial sarcoma patient material. A clear OAT 
signal was observed on the normal Xp and on the der(X) chromosome. A less significant 
amount of hybridization was observed on the der(18). Retrospectively, this result could be 
interpreted as a split signal, taking into account that at that time no discrimination could 
be made between the OATL1 and the more proximal OATL2 signals. In contrast, 
however, Reeves et al. (1989) mapped the synovial sarcoma breakpoint between the Xp 
markers DXS146 (pTAK8) and DXS14 (p58.1). This observation opens up the intriguing 
possibility that there may exist diversity in breakpoints on Xp in different tumors. Since 
the OATL2 cluster maps in this latter area (see Figure II. 1) this could mean that, 
alternatively to OATL1, the OATL2 region also may be involved in certain patients (J. 
Knight and C. Cooper, personal communication). Currently, the number of patients that 
we studied is still too limited to substantiate evidence for either of these possibilities. In 
this context it would also be interesting to investigate whether the breakpoints on the X 
chromosome involved in the (X;7) translocation in a case of synovial sarcoma as recently 
reported by Verhest et al. (1991) or the t(X;18) in a case of fibrosarcoma reported by 
Mandahl et al. (1988) are identical to or different from the ones found in our and other 
cases. 
Since the (X;18) translocation does not seem to result in alterations in length of Hindlll or 
£coRI Oi4r-positive genomic fragments, it appears that the OAT-like sequences 
themselves are not involved in synovial sarcoma development. Fine mapping of the 
breakpoint as reported here does, on the other hand, lead to a clear-cut exclusion of a 
number of candidate genes on the X chromosome as e.g. the proto-oncogenes ARAF1, 
ΉΜΡ, ELK1, the transcription factor TFE3 and the zinc-finger protein ZNF 21. (Huebner 
et al., 1986, 1991; Durfy et al., 1986; Rao et al., 1989; Henthorn et al., 1991; see also 
HGMll). Currently, we are trying to narrow down the breakpoint region on the X 
chromosome from the YAC to the cosmid level. This will provide us with further detailed 
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information on the nature of the Xp region involved in this translocation. In addition, it 
should lead to the isolation of the breakpoint itself, the identification of the gene(s) 
involved, either on X or 18, and to the elucidation of their role in the pathogenesis of this 
group of soft tissue tumors. 
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CHAPTER I I I 
Brief communication 
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ABSTRACT 
The initial cytogenetic analysis of a biphasic synovial sarcoma revealed complex 
anomalies involving six different chromosomes: 46,t(X;18;5;4)(pll;qll;pl3;ql2),Y, 
t(2;5)(q35;qll). After fluorescence in situ hybridization (FISH) analysis, using 
chromosome X-specific plasmid library- and YAC probes, the situation appeared to 
be even more complex with an insertion of part of the X chromosome short arm into 
the der(5)t(5;18). In spite of these complex chromosomal rearrangements, the Xpll 
breakpoint could be located within the ornithine aminotransferase (OAT)Ll cluster, 
very similar to that reported previously for the standard t(X;18)(pll;qll) in synovial 
sarcomas. These findings suggest common pathogenetic pathways in these apparently 
cytogenetically different, but morphologically similar tumors. 
Synovial sarcoma is a well defined neoplastic disease of adolescents and young adults, 
occurring mainly in the lower extremities (Miettinen et al., 1983; Ordonez et al., 1990). 
In synovial sarcomas a characteristic chromosomal translocation has frequently been 
observed, usually as the sole cytogenetic anomaly present: t(X;18)(pll.2;qll.2) (Turc-
Carel et al., 1987; Molenaar et al., 1989; Limon et al., 1991; DalCin et al., 1992). In 
addition, some complex three-way variants have occasionally been described involving, 
besides X and 18, a second autosome (Turc-Carel et al., 1987; Wang-Wuu et al., 1987; 
Sandberg, 1990; Mitelman, 1990; Limon et al., 1991). In all these cases, the breakpoints 
on the chromosomes X and 18 appear to be the same, suggesting a specific role for these 
genomic areas in the etiology of this particular type of soft tissue tumor. Recently, we 
reported the localization of the synovial sarcoma-associated breakpoint within the 
ornithine aminotransferase (OAT)Ll cluster on the X chromosome short arm using both 
fluorescence in situ hybridization (FISH)- and somatic cell hybrid analyses (de Leeuw et 
al., 1993a,b) in conjunction with OAT-specific yeast artificial chromosomes (YACs), 
cosmids and cDNAs. In a similar study, however, Knight et al. (1992) located the 
breakpoint within the OATL2 region, more proximal on the short arm of the X 
chromosome, in two of their tumors. Very recently, we were able to confirm and 
substantiate this latter notion through the analysis of a more extended series of tumors (de 
Leeuw et al., unpublished results). These preliminary findings suggest that in synovial 
sarcomas two different breakpoints may occur in two distinct but closely related (OAT) 
regions on Xp. Here, we report a synovial sarcoma carrying a complex four-way 
translocation involving the chromosomes X, 18, 5 and 4. After FISH analysis of tumor-
derived metaphase spreads, using whole chromosomal paints and a region-specific YAC, 
again a break within the OATL1 region could be revealed, however, in this case at an 
unexpected site. 
A 25 year old male presented with a swelling at the lateral side of the left distal femur. A 
firm subfascial tumor was palpable, measuring 4 x 3 x 3 cm. An incisional biopsy was 
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taken followed by a wide excision. The tumor appeared to be largely subcutaneously 
located and seemed to arise from a tendon sheath. On gross examination it was yellow-
gray and showed focal calcification. Histological examination revealed biphasic tumor 
tissue with epitheloid and stromal components. The epitheloid component was composed 
of gland-like structures with papillary formations (figure ШЛА). The stroma showed a 
varying cellularity and, focally, intermediate cells were observed. A histological diagnosis 
of biphasic synovial sarcoma was made, which was subsequently confirmed by 
cytokeratin immunoreactivity, especially in the gland-like structures and a complementary 
pattern of vimentin immunoreactivity (figure III. IB, C). 
Figure Ш.1 A. Histology of the synovial sarcoma, showing gland-like structures in a 
fibrous stroma (H&E, x35); 
B. Immunoperoxidase stain for keratin showing immunoreactivity in the 
gland-like structures and absence of immunoreactivity in the stroma (x35); 
C. Immunoperoxidase stain for vimentin of the same area as in Β, showing 
a complementary pattern (x35). 
The excised tumor was processed for short term tissue culture (7 days) in RPMI 1640 
medium supplemented with antibiotics, glutamine and 15% fetal calf serum. Chromosome 
analysis was performed on 14 GTG-banded metaphase spreads using standard procedures 
and the karyotypic description was made according to the ISCN (1991). This initial 
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cytogenetic analysis revealed the occurrence of two (independent) translocations involving 
six different chromosomes: 46,t(X;18;5;4)(pll;qll;pl3;ql2),Y,t(2;5)(q35;qll) (figure 
III.2). To our knowledge this is the first synovial sarcoma reported so far that exhibits 



























Diagram and partial karyotype depicting t(X;18;5;4)(pll;qll;pl3;ql2) and 
t(2;5)(q35;qll) as based on the initial cytogenetic analysis. 
In addition, the chromosomal constitution observed in this particular synovial sarcoma 
differs in at least one additional aspect from those seen in other cases that we (and others) 
studied before: whereas usually the der(X)t(X;18)(pll;qll) is retained by the tumor cells 
(Sandberg, 1990), this latter translocation derivative appears to be missing in the present 
case. Based on this cytogenetic finding one might speculate that the occurrence of the 
der(18)t(X;18)(pll;qll), and the gene(s) on it, may represent the critical factor in the 
process of tumor development in the present case. 
In order to characterize the complex (X;18;5;4) translocation in further detail, we have 
employed a fluorescence in situ hybridizaton (FISH) strategy, essentially as described 
before for tumors carrying the standard (X;18) translocation (de Leeuw et al., 1993a,b). 
Since our short term culture appeared to be 'contaminated' with normal fibroblast-like 
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cells, an initial screening for the presence or absence of the translocation in the different 
metaphase spreads was performed using a chromosome X-specific paint with the plasmid 
library pBSX, again essentially as described before (Suijkerbuijk et al., 1992, 1993). For 
detection of the breakpoint itself we used the previously reported OATL1-specific 
YAGP2, which maps in Xpll.2 (Lafrenière al., 1993a). A representative result of one of 
these FISH experiments is depicted in figure III.3 (see colour pages). The YAC#2 
hybridization signal, visualized in red, can clearly be seen on the der(18)t(X;18) and, 
surprisingly, also on the der(5)t(5;18) just above the centromere. No YAC#2 signal is 
observed on the der(X)t(X;4). This latter result indicates that a stretch of X chromosome 
material, including part of the OATL1 cluster, must have been inserted into der(5)t(5;18). 
The chromosome X-specific paint (visible in green) confirms the presence of a part of the 
X chromosome on the der(X), part of X on the der(18) and indeed a very tiny stretch of 
X chromosome material on the der(5). In addition, a cross-hybridizing signal on the Y 
chromosome can be seen. Taken together, we conclude from these FISH results that in 
this biphasic synovial sarcoma again the breakpoint can be placed within the OATL1 
cluster on Xpll.2 and that the chromosomal rearrangements that have taken place are 
more complex than could be deduced from the initial conventional cytogenetic analysis 
alone. 
The unexpected finding of a small fragment of the X chromosome on the der(5)t(5;18) 
may indicate that two consecutive steps have led to the final complex chromosomal 
constitution (i) first, the generation of a standard t(X;18) (ii) subsequently, breakage of 
the der(X)t(X;18) somewhere between the centromere and the OATL1 cluster, whereafter 
this chromosomal segment was translocated to chromosome 5. Simultaneously, part of 
chromosome 5 was translocated to chromosome 4 and, in return, part of chromosome 4 to 
the X chromosome during this putative secondary three-way event. So, in this 
hypothetical scenario a standard t(X;18), including the der(X)t(X;18)(pll;qll), may have 
been present at the time of onset of the tumor. The presence of the additional 
t(2;5)(q35;qll) in the tumor cells indicates that a secondary rearrangement may indeed 
have taken place. Whatever the chain of events may have been, also in this tumor we find 
a fusion of chromosome X and 18 material similar to that observed in the standard 
der(X)t(X;18). This observation indicates that the above suggestion that the 
der(18)t(X;18)(pll;qll) may be the most critical factor in the development of this 
synovial sarcoma does not hold. Instead, our present results appear to be in agreement 
with previously published complex cases in which a genuine der(X)t(X;18)(pll;qll) is 
preferentially retained (Turc-Carel et al., 1987; Wang-Wuu et al., 1987; Limon et al., 
1991). 
Furthermore, this study once again demonstrates the usefulness of FISH in the delineation 
of complex cytogenetic rearrangements. Similar studies may tum out to be highly 
informative for other synovial sarcomas as e.g. those described by Becher et al. (1984) 
and Limon et al. (1989) in which no X chromosome involvement was observed after 
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conventional cytogenetic analysis. 
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ABSTRACT 
In a previous study we have localized the synovial sarcoma associated 
t(X;18)(pll;qll) breakpoint within the ornithine aminotransferase-like 1 (OATL1) 
cluster on the X chromosome. This localization was delineated from both somatic cell 
hybrid- and fluorescence in situ hybridization (FISH) analysis of patient material, 
using OAT-specific cDNA and YAC probes. Simultaneously, Knight et al. (1992) 
mapped this same breakpoint in their patient material adjacent to the more proximal 
OATL2 region on the X chromosome. Here we report the analysis of two additional 
tumors and demonstrate that again in these cases the chromosomal break occurs 
within the OATL1 cluster. In order to further specify the breakpoint, we have 
subcloned the OATL1 YAC(#2) into cosmids. At least one of these cosmids (0.38) 
hybridizes to sequences that bracket the translocation breakpoint, as demonstrated 
by both Southern blot- and FISH analysis. These observations confirm and 
substantiate our previous findings. In addition, cosmid 0.38 should be a valuable 
instrument for the ultimate isolation and identification of the gene(s) involved in the 
development of synovial sarcoma. 
INTRODUCTION 
Synovial sarcoma constitutes a malignant soft tissue tumor that occurs mainly in the lower 
extremities of adolescents and young adults (Turc-Carel et al., 1987; Enzinger and Weiss, 
1988). Two histological subtypes can be distinguished, i.e., monophasic and biphasic. 
The tumors differ in a graded fashion, however, ranging from those having hardly any 
epithelial characteristics, except for the presence of a few epithelial markers (keratin, 
EMA) in a certain percentage of the spindle cells (the monophasic subtype), to those with 
a more glandlike appearance with the clear presence of epithelial cells next to spindle 
cells (the biphasic subtype) (Miettinen et al., 1983; Fisher, 1986). 
A characteristic chromosomal translocation t(X;18)(pll.2;qll.2) has been described for 
synovial sarcoma (Turc-Carel et al., 1987; Mitelman, 1990; Sandberg, 1990; Fletcher et 
al, 1991; Limon et al, 1991). Frequently this translocation occurs as the sole cytogenetic 
anomaly, which indicates that it represents a primary change causally related to the 
process of malignant transformation. Recently, we localized the synovial sarcoma-
associated translocation breakpoint within the ornithine aminotransferase-like 1 (OATL1) 
cluster on the X chromosome. We also reported the identification of an OATL1-
corresponding yeast artificial chromosome (YAC) that spans the t(X;18)(pll.2;qll.2) 
breakpoint as revealed by fluorescence in situ hybridization (FISH) on primary patient 
material (de Leeuw et al., 1992). Concomitantly, Knight et al. (1992) performed a very 
similar study placing the breakpoint in their patient material directly adjacent to the more 
54 
proximal OATL2 region on Xp. These apparently conflicting observations raise the 
possibility that some diversity in breakpoints on the X chromosome may exist in synovial 
sarcomas with breaks ocurring in either the OATL1- or the closely related OATL2 
region. Alternatively, the different observations may reflect technical artefacts such as 
cross-hybridization of probes, problems which may be related to OATL1 and OATL2 
sequence similarities. However, if diversity in breakpoints can be confirmed, intriguing 
questions will arise concerning their molecular nature, their relative frequency and their 
possible relationship to the two ocurring histological subtypes. Here we report the 
localization of the t(X;18)(pll.2;qll.2) breakpoint in two new tumors using both OATL1 
and OATL2 YACs in conjunction with fluorescence in situ hybridization. In addition, we 
report the isolation of a cosmid clone from the OATL1 YAC(#2). This cosmid brackets 
the breakpoint region in at least three of our patient-derived tumors. 
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Figure IV. 1: Karyotype of t(X;18)(pll.2;qll.2)-positive synovial sarcoma T91.12083. 
The translocation-derivative chromosomes der(X) and der(18) are indicated by arrows. 
MATERIAL AND METHODS 
Somatic cell hybrids and patient material 
55 
Somatic cell hybrid Hlsynsarc was isolated after fusion of the Chinese hamster CH3S cell 
line with primary t(X;18)-positive synovial sarcoma cells, as described before 
(Gilgenkrantz et al., 1990). These hybrid cells have retained the der(X) translocation 
chromosome as the sole X or 18 material (see also de Leeuw et al., 1992). ST.91.01731 
is a primary synovial sarcoma with t(X;18) as the only cytogenetic anomaly. This tumor 
was obtained from a male patient. Another synovial sarcoma, T91.12083 derived from a 
female patient (see figure IV.l), also has the t(X;18) as its sole anomaly. Hybrid cell line 
578 was isolated after fusion of the Chinese hamster Wg3-h cell line with normal human 
cells. This hybrid has the X chromosome as the only human constituent (Wieacker et al., 
1984). 
Fluorescence in situ hybridization (FISH) 
All fluorescence in situ hybridization (FISH) procedures used were essentially as 
described previously (Suijkerbuijk et al., 1991, 1992; de Leeuw et al., 1992). The probes 
used were: the centromere X-specific alphoid sequence probe pBamX5 (P. Devilee), 
OATL1 YAC #2, OATL2 YAC #7 (A. Monaco) and cosmid clone 0.38, respectively. 
Briefly, all probes were labeled with either biotin-11-dUTP (Sigma) or digoxigenin-11-
dUTP (Boehringer) using a nick-translation kit (Gibco, Life Technologies). The labeled 
DNA was purified through a Sephadex G50 column and precipitated in the presence of 
sonicated herring sperm DNA (50-fold concentration). Depending on the origin of the 
labeled probe, YAC or cosmid, a 50-fold or 200-fold amount of sonicated total human 
DNA (see Landegent et al., 1987; Driessen et al., 1991) was coprecipitated for 
preannealing purposes. This mixture was dissolved in 10 μΐ of a hybridization solution 
(50% v/v deionized formamide, 10% w/v dextrane sulphate, 2xSSC, 1% v/v Tween-20, 
pH 7.0). Prior to hybridization, the probe was denatured at 80°C for 10 minutes, chilled 
on ice, and incubated at 37 °C for 4 or 2 hours (YAC or cosmid, respectively) allowing 
preannealing. In case of centromeric probes no preannealing was performed and the probe 
concentration was 10 ng per reaction. Metaphase spreads were prepared using standard 
procedures. The slides were pretreated with RNase A (100 μ§/πι1 in 2xSSC at 37°C for 1 
h) and, eventually, porcine pepsine (Serva: 0.01 % [w/v] in 0.01 M HCl, 10 min at 37 
°C), followed by formaldehyde postfixation (1 % [v/v] in PBS, pH 7.2: 10 min at 37 
°C) (see Arnoldus et al., 1989). Subsequently, the slides were denatured in 70% 
formamide, 2xSSC, pH 7.0, at 70°C for 2-3 minutes and incubated with the probes under 
an 18x18 mm coverslip in a moist chamber for 1-3 nights. 
Immunocytochemical detection of the hybridizing probes was achieved using fluorescein 
isothiocyanate (FITC)-conjugated avidin (Vector laboratories; 1:500 diluted) followed by 
an amplification step using goat anti-avidin (Vector laboratories; 1:200 diluted) and 
another FITC-avidin step (Pinkel et al., 1988) in case of biotinylated probes (green 
signals), or Rhodamin-conjugated sheep anti-digoxigenin (Boehringer Mannheim; dilution 
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1:20) and amplification with Texas Red-conjugated rabbit anti-sheep (Jackson 
Immunoresearch; dilution 1:100) in case of digoxigenin-labeled probes (red signals). 
Whenever necessary, a further amplification step was accomplished using another cycle of 
biotinylated goat anti-avidin and avidin-FITC, or Texas Red-conjugated donkey anti-rabbit 
(Jackson Immunoresearch; 1:100 diluted) amplification. The slides were mounted in anti-
fade medium (1.4% w/v di-azobicyclo-(2,2,2)-octane, DABCO, Merck) containing 4,6-
diamino-2-phenylindole (DAPI, 0.5 ¿tg/ml, Sigma) for counterstaining of the 
chromosomes. 
Chromosomes were studied under a Zeiss Axiophot epifluorescence microscope, equipped 
with appropriate filters for the visualization of FITC, Rhodamin/Texas Red and DAPI 
fluorescence as well as the simultaneous visualization of FITC and Texas Red 
fluorescence (Omega double filter). Photographs were made on Kodak EL 400 colorslide 
film using double and triple exposures. Alternatively, separate digital images (for Texas 
Red, FITC and DAPI, respectively) were recorded using a Photometries high-
performance CH250/A cooled CCD-camera coupled to a Macintosh Ilei computer. The 
images were superimposed and displayed in red-green-blue pseudocolors on the 
computerscreen using a modified version (SIS Biological Detection Systems, Pittsburgh, 
USA) of the image-analysis and -processing software program TCL-image (TNO, Delft, 
The Netherlands). Photographs were made from the computer screen on Kodak EPP 100 
plus colorslide film using a Polaroid Quickprint. 
Cosmid library construction 
The cosmid library was constructed essentially as described by Bates and Swift (1983) 
and Berger et al. (1992). 100 μg of OATLl YAC#2 DNA was partially digested with 
Mbol. Restriction fragments (30-40 kb) were isolated by sucrose gradient separation (5 to 
25% sucrose, 17 hr, 22 K) and ligated into the BamHl site of a Xbal treated and, 
subsequently, dephosphorylated scosl vector (Stratagene). The ligation product was 
packaged according to the Stratagene protocol using Gigapack II gold packaging mix and 
transfected into E. coli DH5a MCR. Finally, an estimated 105 clones were recovered, 
4000 of which were plated out for screening. 
Southern hybridization using whole cosmid DNA as a probe 
EcoRI and H indili digested DN As of the hamster control cell line A3, X-only hybrid 578 
and der(X) containing hybrid Hlsynsarc were blotted onto Genesereen filters and 
prehybridized overnight at 65 CC in the presence of 75 μg/ml sonicated denatured 
Hybridime DNA (HT Biotechnology Ltd) in 0.5 M NaH2P04, 7% SDS, 1 mM EDTA 
and 50 ng/ml herring sperm DNA. 10-50 ng cosmid DNA was labeled with 3 2P dCTP by 
random priming (Feinberg and Vogelstein, 1984), separated over a Sephadex G50 
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column, precipitated and dissolved in 25 μί 0.5 M NaH2P04. After addition of 75 μΐ of 
Hybridime (10 mg/ml), the probe was denatured and preannealed at 65°C for 4.5 hrs 
before administration to the filters. Hybridization was carried out overnight at 65°C and 
the subsequent washing was performed at 65°C in 40 mM NaH2P04, 0.1% SDS. 
RESULTS 
FISH analysis of synovial sarcomas using OATL1 and OATL2 YACs 
For fluorescence in situ hybridization (FISH) analysis of synovial sarcomas ST.91.01731 
and T91.12083 two YAC clones were applied, #2 and #7, that correspond to OATL1 and 
OATL2, respectively (de Leeuw et al., 1992; A. Monaco, personal communication). 
DNAs isolated from single colonies of these YACs were found to hybridize to the 
expected proximal short arm regions of the X chromosome only (not shown) and, as 
such, appear to be suitable for the present translocation breakpoint analysis. Metaphase 
spreads of the two new synovial sarcomas were tested by double color FISH, in which the 
X centromere was detected in red and the respective YAC signals in green. As can be 
seen in figure IV.2 (see colour pages), signals derived from YAC#2 (OATL1) are present 
both on the der(X) and the der(18) translocation products of tumor T91.12083, which 
indicates that in this case again the break occurs within the OATL1 region. Similar results 
were obtained with tumor ST.91.01731 (not shown). In contrast, the hybridization signal 
obtained from the OATL2 YAC#7 was retained completely by the der(X) chromosome of 
both tumors (figure 2A and not shown), which is in full accordance with the above 
OATL1 results and the known more proximal location of OATL2 on Xp. These results 
also indicate that OATL2 YAC#7 does not cross-hybridize to OATL1 sequences under the 
stringency conditions applied in our FISH experiments. 
Cosmid library of OATL1 YAC#2 
A cosmid library was prepared after partial Mbol digestion of total DNA of yeast cells 
containing OATL1 YAC#2 (see material and methods). This library yielded 105 clones, 
which accounts for 188 times the yeast genome. A subset of 4000 clones (about 8 times 
the yeast genome) was screened with OAT-, Alu- and total human DNAs as probes 
resulting, after rescreening, in a total of 106 positive clones. These clones were 
transferred to a grid. Subsequent (contig-)mapping of these cosmids is still in progress 
and the results will be reported in detail elsewhere. 
Southern analysis of YAC#2 cosmids on synovial sarcoma-derived hybrid cells 
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After preliminary mapping of part of the OATL1 YAC#2-derived cosmids, seven were 
selected and tested on EcoRI and Hindlll digested DNAs from (i) the somatic hybrid cell 
line Hlsynsarc containing as the only human X or 18 material the synovial sarcoma-
specific der(X) chromosome, (ii) the X-only somatic cell hybrid 578, (iii) the parental 
Chinese hamster line A3 and (iv) total human DNA. Of these cosmids, six yielded 
identical hybridization patterns in the X-only (578) and der(X) (Hlsynsarc) lanes, whereas 
one revealed signals in the X-only hybrid some of which were present on- and some of 
which were absent from der(X). Because of poor growth and rearrangement of this 
particular cosmid, a Sau3A subclone was isolated from it. With this single copy probe the 
cosmid grid was rescreened and four additional partly overlapping cosmids were 
recovered. Hybridization of these cosmids onto the hybrid panel mentioned above resulted 
in all cases in signals that were both retained by and lost from the der(X) hybrid as 
compared to the X-only line. Results obtained with one of these cosmids (0.38) are shown 
in figure IV.3. 








Figure IV.3: Southern blots containing Hindlll- (lane A) and EcoRI- (lane B) cleaved 
total human DNAs, and EcoRI-cleaved Chinese hamster A3 (lane C), X-only hybrid 578 
(lane D) and der(X)-containing hybrid Hlsynsarc (lane E) DNAs. The blots were 
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hybridized with total cosmid 0.38 as a probe. The EcoRI pattern in lane D (X-only) 
corresponds with that observed in lane В (total human). In the der(X)-containing hybrid 
(lane E) some bands are retained and some are lost as compared with the intact X 
chromosome (lane D) or total human DNA (lane B). Size markers were deduced from co-
electrophoresed Hindlll digested phage lambda DNA, and are incated in kilobases. 
FISH with cosmid 0.38 on synovial sarcoma material 
One of the five cosmids that revealed an aberrant hybridization pattern in DNA from the 
der(X)-containing hybrid Hlsynsarc, 0.38, was chosen for double bi-color FISH on 
metaphase spreads of the synovial sarcomas ST.91.01731 and T91.12083. The results are 
displayed in figure IV.4 (see colour pages), where the X centromere is shown in red and 
the cosmid signal(s) in green. The chromosomes are counterstained in blue (DAPI). 
Clearly, cosmid 0.38 gives signals both on the der(X) and the der(18) translocation 
chromosomes in both cases studied. Again, these results are in full agreement with the 
Southern blot data obtained from the hybrid cell line Hlsynsarc and indicate that 
sequences contained within this cosmid hybridize to genomic fragments that bracket the 
translocation breakpoint. 
DISCUSSION 
By using both 0ATL1- and 0ATL2-specific YACs, as well as an 0ATL1 YAC-derived 
cosmid clone, in conjunction with fluorescence in situ hybridization and Southern blot 
analysis, we have demonstrated that in two new synovial sarcomas the t(X;18) breakpoint 
maps within the 0ATL1 region on the X chromosome. These observations are in 
agreement with, and further substantiate, our previous findings in two other cases (de 
Leeuw et al., 1992). The discrepancies between these results and those obtained by 
Knight et al. (1992) are twofold. First, Knight et al. (1992) did not detect any human 
OAT sequences in their der(X) hybrid after Southern blot analysis, whereas the Hlsynsarc 
hybrid used by us revealed hybridizing fragments corresponding to all known 0ATL2-
and six of the eight OATLl-specific bands using HuOAT6 as a probe (Mitchell et al., 
1988; de Leeuw et al., 1992). Second, Knight and coworkers found that two 0ATL2 
YACs were disrupted by the translocation in two tumors (one of which is the origin of 
their hybrid material). In contrast, we found that sequences contained within the OATL1 
YAC#2 are split by the translocation in three different tumors using FISH. Together with 
the results obtained from the hybrid cell line Hlsynsarc, this represents a total of four 
cases. If these differing FISH results were due to crosshybridization, both 0ATL1 and 
0ATL2 YACs should have revealed split signals. Since this is not the case, we exclude 
the possibility of technical artefacts, i.e. crosshybridization, in our studies. This notion is 
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further substantiated by our observation that a cosmid (0.38) originating from OATL1 
YAC#2 also presents a split signal in the different tumors studied. So, the option of at 
least two different breakpoints on the X chromosome remains open with, for the time 
being, a predominance for breaks in the OATL1 region. Whether or not these different 
breakpoints correspond to different histologic subtypes (monophasic versus biphasic) is a 
point of interest which remains to be elucidated. 
Breakpoint screening at the DNA level (Southern or PCR) would be of particular use not 
only for the unambiguous diagnosis of synovial sarcoma(metastases), but also for the 
analysis of archival (frozen) tumor material. Since synovial sarcomas are relatively rare, 
such an analysis would greatly enhance efforts to, e.g., retrospectively correlate 
histological subtypes to differences in breakpoints. The finding that (at least some of) the 
breakpoints can be detected with cosmid 0.38 in both FISH and Southern blotting 
experiments opens up possibilities in this direction. We are currently checking other 
patient material using the above techniques as well as pulse field gel electrophoresis. 
Also, the isolation and further characterization of the breakpoint spanning cosmid 0.38 
should enable us to identify genomic sequences (genes) that are directly involved in the 
development of this particular soft tissue tumor. 
61 
ACKOWLEDGMENTS 
The authors thank S. Gilgenkrantz, D. Valle and U. van Haelst for advice and support. 
We are also endebted to J. Gray and P. Devilee for the generous gift of probes, A. 
Monaco and H. Lehrach for providing YACs, and J.W. Oosterhuis, N. Mandahl and C. 
Turc-Carel for referring tumor material to us. H. Janssen and the members of the 
'bonemarrow group' are acknowledged for expert technical assistance. The technical 
support of M. Powell and D. Griggs is also gratefully appreciated. This work was 
supported by the Dutch Cancer Society (Koningin Wihelmina Fonds, grant NUKC 92.30), 
the Deutsche Forschungsgemeinschaft (grant Ro 389/15-4) and the National Cancer 
Institute (grant CA 41183). 
62 
REFERENCES 
Amoldus, E.P.J., Peters, A.C.B., Bots, G.T.A.M.., Raap, A.K. & van der Ploeg, M. 
(1989). Hum. Genet. 83, 231-234. 
Bates, P.F. & Swift, R.A. (1983). Gene 26, 137-146. 
Berger, W., Meindl, Α., Pol, T.J.R. van de, Cremers, F.P.M., Ropers, H.H., Doemer, 
C , Monaco, Α., Bergen, A.A.B., Lebo, R., Warburg, L., Zergollern, В., Lorenz, В., 
Gal, Α., Bleeker-Wagemakers, E.M. & Meitinger, T. (1992). Nature Genet. 1, 199-203. 
Driessen, M.S., Dauwerse, J.G., Wapenaar, M.C., Meershoek, E.J., Mollevanger, P., 
Chen, K.L., Fischbeck, K.H. & Ommen, G.J.B, van (1991). Genomics 11, 1079-1087. 
Enzinger, F.M. & Weiss, S.W. (1988). Soft Tissue Tumors, 2nd ed. The CV Mosby 
Company, St Louis, pp 658-688. 
Feinberg, A.P. & Vogelstein, B. (1984). Anal. Biochem. 137, 266-267. 
Fisher, С (1986). Hum. Pathol. 17, 996-1008. 
Fletcher, J.A., Kozakewitch, H.P., Hoffer, F.H., Lage, J.M., Weidner, N.. Tepper, R., 
Pinkus, G.S, Morton, C.C. & Corson, J.M. (1991). New Engl. J. Med. 324, 436-442. 
Gilgenkrantz, S., Chery, M., Teboul, M., Mujica, P., Leotard, В., Grégoire, M.J., 
Boman, F., Duprez, A. & Hanauer, A. (1990). Oncogene 5, 1063-1066. 
Knight, J .C , Reeves, B.R., Kearney, L., Monaco, A. & Cooper, С. (1992). Molec. 
Hum. Genet, (in press). 
Landegent, J.E., Jansen in de Wal, N., Dirks, R.W., Baas, F. & van der Ploeg, M 
(1987). Hum. Genet. 77, 366-370. 
Leeuw, В. de, Berger, W., Sinke, R.J., Suijkerbuijk, R.F., Gilgenkrantz, S., Geraghty, 
M.T., Valle, D., Monaco, A.P., Lehrach, H., Ropers, H.H. & Geurts van Kessel, A. 
(1992). Genes Chrom. Cancer 6: 182-189. 
Limon, J., Mrozek, K., Mandahl, N., Nedoszytko, В., Verhest, Α., Rys, J., 
Niezabitowski, Α., Babinska, M., Nosek, H., Ochalek, T., Kopacz, Α., Willen, H., 
Rydholm, Α., Heim, S. & Mitelman, F. (1991). Genes Chrom. Cancer 3, 338-345. 
63 
Miettinen, M., Lehto, V.P. & Virtanen, I. (1983). Virchows Arch. (Cell Pathol.) 44, 
187-199. 
Mitchell, G.A., Loony, J.E., Brody, L.C., Steel, G., Suchanek, M., Engelhardt, J.F., 
Willard, H.F. & Valle, D. (1988). J. Biol. Chem. 263, 1488-1495. 
Mitelman, F. (1990). Catalog of chromosome aberrations in cancer. 3rd ed. Alan R Liss 
New York. 
Pinkel, D., Landegent, J., Collins, C , Fusco, J., Segraves, R., Lucas, J. & Gray, J.W. 
(1988). Proc. Natl. Acad. Sci. USA 85, 9138-9142. 
Sandberg, A.A. (1990). The chromosomes in human cancer and leukemia. 2nd ed. 
Elsevier Sci Ine New York. 
Suijkerbuijk, R.F., Veen, A.Y. van de, Echten, J. van, Buys, C.H.C.M., Jong, B. de, 
Oosterhuis, J.W., Warburton, D.A., Cassiman, J.J., Schonk, D. & Geurts van Kessel, 
A. (1991). Am. J. Hum. Genet. 48, 269-273. 
Suijkerbuijk, R.F., Looijenga, L., Jong, B. de, Oosterhuis, J.W., Cassiman, J.J. & 
Geurts van Kessel, A. (1992). Cancer Genet. Cytogenet. 63: 8-16. 
Turc-Carel, C , Dal Cin, P., Limon, J., Rao, U., Li, F.P., Corson, J.M., Zimmerman, 
R., Parry, D.M., Cowan, J.M. & Sandberg, A.A. (1987). Proc. Natl. Acad. Sci. USA 
84, 1981-1985. 
Wieacker, P., Davies, K.E., Cooke, H.J., Pearson, P.L., Williamson, P.L., 
Bhattacharya, S., Zimmer, J. & Ropers, H.H. (1984). Am. J. Hum. Genet. 36, 265-270. 
64 
CHAPTER V 
DISTINCT X CHROMOSOME BREAKPOINTS IN 
SYNOVIAL SARCOMA REVEALED BY METAPHASE 
AND INTERPHASE FISH: RELATIONSHIP TO 
HISTOLOGIC SUBTYPES 
B. de Leeuw1, R.F. Suijkerbuijk1, D. Olde Weghuis1, A.M. Meloni2, G. Stenman3, 
L.G. Kindblom4, M. Balemans1, E. van den Berg5, W.M. Molenaar6, A.A. Sandberg2 
and A. Geurts van Kessel'. 
1. Department of Human Genetics, University Hospital, Nijmegen, The Netherlands. 
2. Southwest Biomedical Research Institute of Genetrix Inc., Scottsdale, Arizona, 
USA. 
3. Laboratory of Cytogenetics, University of Goteborg, Sweden. 
4. Department of Oral Pathology, University of Göteborg, Sweden. 
5. Department of Medical Genetics, University of Groningen, The Netherlands. 
6. Department of Pathology, University of Groningen, The Netherlands. 
Published in Cancer Genet. Cytogenet. 73: 89-94 (1994) 
65 
ABSTRACT 
Previous fluorescence in situ hybridization (FISH) and molecular analyses of synovial 
sarcomas with cytogenetically similar (X;18)(pll.2;qll.2) translocations revealed two 
alternative breakpoint regions in Xpll.2, one residing in the ornithine 
aminotransferase-likel (OATL1) region and the other one next to the related but 
distinct OATL2 region. Since these results were obtained by different groups, we set 
out to evaluate an extended series of tumors with special emphasis on the two 
possible X-related breakpoints. Interphase in situ hybridization on nuclei isolated 
from frozen tissue sections was used to study synovial sarcoma material for which no 
metaphase spreads could be obtained. Together, seven synovial sarcomas were 
identified with a break in the OATL1 region and six with a break near OATL2, 
thereby confirming the actual existence of the two alternative Xp breakpoints. 
Interestingly, there seems to be a relationship between the occurrence of these 
breakpoints and the histologic phenotype of the tumors, with a predominance of 
OATLl-related breakpoints in the classical biphasic tumors and of OATL2-reIated 
breakpoints in the monophasic tumors. 
INTRODUCTION 
Synovial sarcoma is a soft tissue tumor which occurs mainly in adolescents and young 
adults. Next to rhabdomyosarcoma, synovial sarcoma is the most common solid tumor in 
children under 18 years of age [1,2]. The patient's ages range from 11 months to 78 
years, whereas the mean age at the time of operation is 37 years [3,4]. About 90% of the 
primary tumors are found in the extremities, especially the lower limbs [2], whereas 3-
10% are found in the head and neck region, heart and mediastinum [5,6,7]. In spite of its 
name, which arose from the lightmicroscopic resemblance of the classic biphasic type to 
synovial tissue, the exact histogenetic origin of synovial sarcoma is, as yet, unknown. 
Electronmicroscopic and immunologic data clearly distinguish the cells from true synovial 
cells [8,9]. Also, the tumors may arise at places where normally synovial cells are not 
present [10]. For this reason suggestions have been made to change the name into 
carcinosarcoma [8,9]. 
Histologically, synovial sarcomas can be devided into two major groups: the classical 
biphasic type, containing an epithelial and a spindle cell component, and the monophasic 
type, containing only spindle cells although some areas express epithelial markers like 
EMA, keratin, CEA, S100 and/or others [8,9]. The tumors differ in a graded fashion, 
however, which has led some authors to subdivide the biphasic type into totally biphasic 
(or glandlike) and focally biphasic [11]. Occasionally, two other types of synovial 
sarcoma are mentioned, namely the undifferentiated type and the monophasic epithelial 
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type. These latter tumors are presumed to represent extreme and rare cases of monophasic 
and biphasic synovial sarcomas, respectively [1,11]. The monophasic spindle cell and 
biphasic subtypes are thought to occur with similar frequencies [12], although some 
authors state that the monophasic type is predominant, comprising about 60% of all cases 
[9]. 
A characteristic chromosomal translocation, t(X;18)(pll.2;qll.2), has been found in 
synovial sarcoma cells [13]. Sometimes this translocation is the only cytogenetic 
abnormality present, which is indicative for a primary causal event in tumor development. 
Recently, we [14,15] and others [16] have identified yeast artificial chromosomes (YACs) 
containing human genomic fragments that span the breakpoint region on the X 
chromosome in different tumors. Both YACs (#2 and #7) contain ornithine amino 
transferase (OAT)-like sequences (OATL1 and OATL2, respectively) that are located at 
different sites on the short arm of the X chromosome [17]. Here we report the analysis of 
a new series of synovial sarcomas in some of which the OATL1 YAC#2 is split by the 
translocation, whereas in others the OATL2 YAC#7 appears to be split. These findings 
confirm that indeed two distinct breakpoints on the X chromosome occur in synovial 
sarcoma. In addition we show that, with these breakpoint-spanning probes at hand, it has 
now become possible to identify the tumor-associated breakpoints not only in metaphase 
spreads, but also in interphase nuclei isolated from frozen tissue sections. We speculate 
that the observed differences in breakpoints on the X chromosome may correlate with the 
occurrence of different histologic tumor phenotypes. 
MATERIALS AND METHODS 
Tumors and their cytogenetic constitution 
Two prevously unreported synovial sarcomas used in the present study were completely 
karyotyped: no. T92/12236: 44, t(X;18)(pll;qll), -Y, add(19)(ql3.3), -22 
and no. ST-88-20756: 72-75, Y, t (X;18)(pl l .2 ;ql l .2) , 
+t(X;18)(pll.2;qll.2), +1 , +2, +2, +4, +5, +6, +7, +7, +8, +8, 
+9, +9, +10, +12, +12, +13, +14, +15, +16, +20, 
der(21)t(17;21)(qll.2;pl3), +t(21;21)(pl3;qll), +5-8mar. 
In addition, frozen samples from five other tumors were included in this study of which 
the diagnosis synovial sarcoma could unambiguously be established but of which the 
cytogenetic constitution is unknown: no.'s 20521/88; 2374/90; 28775/90; 23303/91; 
4873/92. 
Fluorescence in situ hybridization (FISH) on metaphase spreads 
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All fluorescence in situ hybridization (FISH) procedures on metaphase spreads were 
essentially as described previously [14,15]. The probes used were: the centromere X-
specific alphoid sequence probe pBamX5, the OATL1 YAC 2 and the OATL2 YAC 7 
[14,15]. Briefly, all probes were labeled with either biotin-11-dUTP (Sigma) or 
digoxigenin-11-dUTP (Boehringer) using a nick-translation kit (Gibco, Life 
Technologies). The labeled DNA was purified through a Sephadex G50 column and 
precipitated in the presence of sonicated herring sperm DNA (50-fold concentration). In 
case of the YACs a 50-fold amount of sonicated total human DNA [18,19] was 
coprecipitated for preannealing purposes. This mixture was dissolved in 10 μΐ of a 
hybridization solution (50% v/v deionized formamide, 10% w/v dextran sulphate, 2xSSC, 
1% v/v Tween-20, pH 7.0). Prior to hybridization, the probe was denatured at 80°C for 
10 minutes, chilled on ice, and incubated at 37°C for 4 hours (200 ng YAC DNA per 
reaction) allowing preannealing. In case of centromeric probes no preannealing was 
performed and the probe concentration was 10 ng per reaction. Metaphase spreads were 
prepared using standard procedures. The slides were pretreated with RNase A (100 ^g/ml 
in 2xSSC at 37°C for 1 h) and, eventually, porcine pepsine (Serva: 0.01 % [w/v] in 0.01 
M HCl, 10 min at 37 °C), followed by formaldehyde postfixation (1 % [v/v] in PBS, pH 
7.2: 10 min at 37 °C) [20]. Subsequently, the slides were denatured in 70% formamide, 
2xSSC, pH 7.0, at 70°C for 2-3 minutes and incubated with the probes under an 18x18 
mm coverslip in a moist chamber for 1-3 days. 
FISH on interphase nuclei isolated from frozen tissue sections 
The probes were prepared as described above, with the only difference that instead of a 
50-fold amount of total human DNA a 50 fold amount of Coti DNA (Life Technologies) 
was used as competitor and that preannealing was carried out for 1 hr at 37 °C. Slides 
were prepared by cutting 50μ sections from the frozen tissue and transferring them onto a 
microscopic slide. A drop of PBS was added and the sections were minced further. 
Subsequently, the tissue suspension was transferred to a tube whereby the larger particles 
were allowed to sink. The supernatant, containing the smaller tissue fragments, was then 
transferred to another tube. Fixation was preformed by quickly adding 10 ml of 70% 
ethanol. This fixation was repeated 2 or 3 times in case of large yields of nuclei. Finally, 
the nuclei were spun down at 225 g for 7-10 minutes. Ethanol was removed except for 
the volume needed to make slides. The slides were dried at 65 °C during 30 minutes 
before use. Pepsine treatment followed by formaldehyde postfixation and denaturation was 
performed as described above. 
Immunocytochemical detection 
Immunocytochemical detection of the hybridizing probes was achieved using fluorescein 
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isothiocyanate (FITC)-conjugated avidin (Vector laboratories; 1:500 diluted) followed by 
an amplification step using goat anti-avidin (Vector laboratories; 1:200 diluted) and 
another FITC-avidin step [21] in case of biotinylated probes (green signals), or 
Rhodamin-conjugated sheep anti-digoxigenin (Boehringer Mannheim; dilution 1:20) and 
amplification with Texas Red-conjugated rabbit anti-sheep (Jackson Immunoresearch; 
dilution 1:100) in case of digoxigenin-labeled probes (red signals). Whenever necessary, a 
further amplification step was accomplished using another cycle of biotinylated goat anti-
avidin and avidin-FITC, or Texas Red-conjugated donkey anti-rabbit (Jackson 
Immunoresearch; 1:100 diluted) amplification. The slides were mounted in anti-fade 
medium (1.4% w/v di-azobicyclo-(2,2,2)-octane, DABCO, Merck) containing 4,6-
diamino-2-phenylindole (DAPI, 0.5 ^tg/ml, Sigma) for counterstaining of the 
chromosomes. 
Slides were viewed under a Zeiss Axiophot epifluorescence microscope, equipped with 
appropriate filters for the visualization of FITC, Rhodamin/Texas Red and DAPI 
fluorescence as well as the simultaneous visualization of FITC and Texas Red 
fluorescence (Omega dual pass filter, Brattlesboro, U.S.A.). Photographs were made on 
Kodak EL 400 colorslide film using double and triple exposures. Alternatively, separate 
digital images (for Texas Red, FITC and DAPI, respectively) were recorded using a 
Photometries high-performance CH250/A cooled CCD-camera interfaced onto a 
Macintosh Ilei computer. The images were superimposed and displayed in red-green-blue 
pseudocolors on the computerscreen using the image analysis and processing software 
program BDS-image (Biological Detection Systems, Pittsburgh, USA). Photographs were 
made from the computer screen on Kodak EPP 100 plus colorslide film using a Polaroid 
Quickprint. 
RESULTS 
Tumor ST 88-20756 was diagnosed as a synovial sarcoma of the right humerus of a male 
patient. Cytogenetically t(X;18)(pll.2;qll.2) was confirmed. Fluorescence in situ 
hybridization (FISH) was preformed on metaphase spreads with either OATL1 YAC 2 or 
OATL2 YAC 7 labeled with biotin and detected with a yellow fluorochrome (FITC). 
Concomitantly, the X-centromere probe was applied, labeled with digoxigenin and 
detected in red (Rhodamin/Texas red; see Material and Methods). As can clearly be seen 
in figure V.1A (see colour pages), the human sequences contained within OATL1 YAC 2 
are split as a result of the translocation. Interestingly, this tumor has retained a double set 
of der(X) and der(18) chromosomes per cell (see also Materials and Methods for 
karyotype), which is nicely reflected by the FISH signals observed in both metaphases 
and interphases. The OATL2 YAC 7 hybridization signal is not split and remains entirely 
on the der(X) chromosome (figure V.1B, colour pages). This latter observation is in 
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agreement with the more proximal localization of the OATL2 cluster on Xp (figure V.2). 
Tumor ST 88-04017 was initially diagnosed as an undefined solid tumor in a male 
patient, but upon repeated careful histologic examinations, the diagnosis of monophasic 
synovial sarcoma was ultimately established. Cytogenetic analysis revealed a 
t(X;18)(pll.2;qll.2), characteristic of synovial sarcoma. FISH was carried out as 
described for ST 88-20756. In this case the OATL1 YAC 2 signal moves completely to 
the der(18) chromosome (figure V.1C, colour pages) indicating that the break has 
occurred at a site on Xp proximal to the OATL1 cluster. In contrast, however, the 
OATL2 YAC 7 reveals a split signal resulting from the X;18 translocation in this tumor 
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Figure V.2: Diagram representing the proximal part of the X chromosome short arm and 
the location of a number of DNA markers [see e.g. 14 and references therein], including 
OATL1 and OATL2. The positions of the two alternative synovial sarcoma-associated 
breakpoints (designated SSI and SS2) are marked by arrows. 
In figures V.1E and V.1F examples of FISH results obtained with tumor cell nuclei 
extracted from frozen tissue sections are shown. Cases 23-303/91 (female) and 28775/90 
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(male) show breaks in the OATL2 and OATL1 regions, respectively, using both 
corresponding OAT YACs for analysis. The results of all breakpoint analyses that we 
have carried out so far (including those reported previously [14,15]) and of their 
corresponding tumor phenotypes are summarized in Table 1. One of the tumors that has 
been reported by the group of Knight et al., and of which the histologic phenotype was 
known [16], has also been included in this table. Strikingly, all of the biphasic (both 
focally and total) synovial sarcomas are found to have a break in the OATL1 region 
whereas most of the tumors diagnosed as monophasic exhibit a break in the OATL2 
region, the only exceptions being tumors ST91-01731 and 2374/90 (Table V.l). 
Table V.l: Summary of synovial sarcomas exhibiting OATL1- or OATL2-related 
breakpoints as revealed by metaphase and interphase FISH, and their corresponding 
histologic phenotypes (i.e. biphasic versus monophasic). 
OATLl-positive breakpoint: 
Metaphase in situ hybridization: 
ST88-20756: biphasic (F) 
Hlsynsarc: biphasic [14] 
ST91-01731: monophasic [15] 
T91 12083: biphasic (F) [15] 
T91 9079: biphasic [22] 




Metaphase in situ hybridization: 
ST88-04017 monophasic 
T92 12236: monophasic (E) 
SS255 (Bax): monophasic [16] 




(F)= focally biphasic, (E)= epithelial 
[14], [15], [16]: see references 
[22]: Olde Weghuis et al., unpublished data. 
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DISCUSSION 
Our present results indicate that two distinct breakpoints on the short arm of the human X 
chromosome may occur in t(X;18)(pll.2;qll.2)-positive synovial sarcomas (figure V.2). 
This observation confirms earlier seemingly contradictory reports made by us [14,15] and 
others [16] and rules out the possibility of technical artifacts due to different experimental 
procedures applied in the different laboratories. So far, seven cases have been identified 
with a break in the OATL1- and six cases with a break near the OATL2 region. Both 
OAT-corresponding YACs (2 and 7, respectively) have been tested on the tumors 
reported except for the cases ST91-01731 and T92/12236 [15, 16, this paper]. 
It is tempting to try and correlate the two breakpoint regions with the two histologic 
phenotypes that have been described for synovial sarcoma: the monophasic and the 
biphasic subtypes. Our analyses clearly indicate such a correlation since all five tumors of 
the biphasic subtype (total biphasic or focal) display a break in the OATL1 region. The 
only case that may deviate from this finding is the monophasic epithelial tumor T92 
12236, which is considered to be an extreme form of biphasic synovial sarcoma. 
However, this tumor may well represent yet another subtype. Two out of eight tumors 
that were diagnosed as monophasic synovial sarcomas exhibit a break in the OATL1 
region (ST91-01731, 2374/90). However, it is possible that these two cases may in fact 
represent focally biphasic tumors with a very small epithelial fraction that has been 
overlooked at the time of diagnosis. Alternatively, these cases could represent true 
monophasic tumors, but at the epithelial end of the scale towards more epithelial 
characteristics. Careful investigation of additional tumor material is required to either 
confirm or rule out each of these possibilities. In this respect it is of relevance to note 
that such analyses can now be carried out on archival (frozen) tissues, as has been 
demonstrated in this report. In this way the amount of tumor material which is accessible 
for analysis is substantially enlarged, since synovial sarcoma material is difficult to grow 
in cell culture. 
Whether the correlation between tumor phenotype and breakpoint region will or will not 
prove to not be absolute, our results suggest that distinct chromosomal breakpoints at the 
molecular level may result in differences in tumor characteristics at the histological level. 
A partial influence would indicate that other factors besides the breakpoint region play a 
role in determining phenotype. Further molecular studies could have implications for our 
understanding of the factors regulating this type of differentiation. In this context it could 
be interesting to note that the OATL1- and OATL2 regions on the X chromosome have a 
number of characteristics in common [17] which suggest that these regions may have 
evolved from each other during evolution. 
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SUMMARY 
Synovial sarcomas show a specific translocation involving chromosomes X and 18, 
t(X;18)(pll.2;qll.2). Two distinct X-chromosomal breakpoints occur in different 
synovial sarcoma tumour samples. These breakpoints are located within two related 
genomic regions containing ornithine aminotransferase-like sequences, termed 
OATL1 and OATL2. Preliminary observations indicated the potential correlation of 
OATLl-associated breakpoints with biphasic tumours and OATL2-associated 
breakpoints with monophasic fibrous tumours. The present study uses interphase 
cytogenetics to investigate the nature of chromosomal aberrations in frozen synovial 
sarcoma tissue samples. Two-colour fluorescence in situ hybridization (FISH) was 
performed using probes specific for the centromeres of chromosome X or 18, along 
with yeast artifical chromosome probes corresponding to the distinct breakpoint 
regions on Xp. One monophasic epithelial and two monophasic fibrous synovial 
sarcomas showed an OATL2-associated breakpoint, while a biphasic tumour revealed 
a hybridization pattern indicating a breakpoint within the OATL1 region. These 
results confirm our previous suggestion of a relationship between alternative 
breakpoints in Xpll.2 and different histological phenotypes observed in synovial 
sarcomas. They also demonstrate the utility of the two-colour hybridization approach 
for the identification of chromosomal changes in interphase nuclei from frozen 
tissues. 
INTRODUCTION 
Synovial sarcoma is a malignant soft tissue tumour that most frequently affects 
adolescents and young adults. The classical histological pattern of the tumour is biphasic, 
revealing two morphological distinct cellular components, epithelial and spindle cells, that 
can be present in varying proportions. The equally common monophasic fibrous type is 
entirely composed of spindle cells, while monophasic epithelial synovial sarcoma is a rare 
histological variant clearly dominated by cells exhibiting epithelioid differentiation. There 
are also poorly differentiated forms of this neoplasm, in which the tumour cells have an 
indistinct morphology (1). Cytogenetic studies on synovial sarcomas have revealed a 
characteristic chromosomal translocation involving chromosomes X and 18, 
t(X;18)(pll.2;qll.2) (2). This chromosomal aberration is found in a high percentage of 
tumours, either alone or associated with further numerical and structural cytogenetic 
changes (3,4). This striking correlation suggests that the t(X;18) translocation might 
represent a primary event in the development of this malignancy. 
Molecular characterization of the cytogenetically described rearrangements has led to the 
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identification of yeast artificial chromosomes (YACs) spanning the translocation 
breakpoint region on the X chromosome. Fluorescence in situ hybridization (FISH) on 
synovial sarcoma metaphase spreads and Southern analysis of a translocation 
chromosome-containing somatic cell hybrid led to the assignment of the breakpoint to the 
OATL1 region on Xp (5,6). Another study localized the X-chromosomal break within the 
more proximal OATL2 cluster (8,9). FISH analysis of additional tumour samples has 
confirmed the presence of two distinct breakpoints on the X chromosome in different 
tumours. It has been suggested that a potential relationship exists between the two 
breakpoints and the different histological phenotypes of synovial sarcoma (8). In this 
study, we have used FISH to detect chromosomal translocations in interphase nuclei 
isolated from frozen synovial sarcoma tissue, instead of investigating metaphase spreads 
of tumour cells placed in culture. Our two-colour hybridization strategy employs a 
combination of centromere-specific probes and YAC probes specific for the alternative 
breakpoint regions on Xp. We compare these findings with the histological and 
immunohistochemical characterization of the tumours and thereby address the question of 
a potential correlation between the genetic events and the phenotype of the tumour. 
MATERIAL AND METHODS 
Immunohistochemistry 
Immunohistochemistry was performed using a panel of monoclonal and polyclonal 
antibodies against different antigens, i.e., EMA, CEA, vimentin (V9), S-100, NSE, 
smooth muscle actin (HHF 35), UEA-1, collagen IV (all from Dakopatts) and keratin 
(KL1; Dianova). Five-micrometre sections were deparaffinized, rehydrated, and incubated 
with primary antibodies for 1 h at room temperature after blocking of non-specific 
binding. Antibody reactivity was visualized using a modified APAAP technique (10). 
Preparation of nuclei from frozen tissue 
Sections 50μπι in thickness cut from frozen tissue were minced with a scalpel on a 
microscope slide. The minced tissue was resuspended in a small volume of phosphate-
buffered saline (PBS) and transferred to a 15 ml tube. The tissue suspension was then 
pipetted repeatedly to release nuclei. After allowing the larger particles to settle, the 
supernatant, containing the nuclei, was fixed adding ice cold 70 percent ethanol. Nuclei 
were collected by centrifugation at 1200 rpm for 10 min. 50 μ\ of the nuclear suspension 
was spread on slides and dried at 65 °C for 30 min. 
Fluorescence in situ hybridization on interphase nuclei 
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The following probes were used: pBamX5, specific for the X chromosome centromere; 
LI.84, specific for the chromosome 18 centromere; and two YAC clones, numbered 2 
and 7, which correspond to the OATL1 and OATL2 clusters, respectively. 
Hybridization and detection procedures were performed as previously described (5,6). 
Probes were labelled by nick translation with either biotin-14-dATP or digoxigenin-11-
dUTP. YAC probes were preannealed for 4h at 37 °C with a 50-fold excess of sonicated 
total human DNA, which was unnecessary for centromeric probes. All hybridizations 
were performed in 50 percent (v/v) formamide, 10 percent (w/v) dextran sulphate, 2 χ 
SSC, 1 percent (v/v) Tween-20, pH7.0. 
The slides were pretreated with porcine pepsin (Serva; lOO^g/ml in 0.01 M hydrochloric 
acid) at 37 e C for 20 min, followed by fixation in 1 percent (v/v) formaldehyde-PBS, pH 
7.2, for 10 min at 4°C. After denaturation at 70°C for 2 min in 70 percent formamide, 2 
χ SSC, pH 7.0, the slides were hybridized overnight at 37°C in a moist chamber with the 
indicated probes. Post hybridization washes involved three changes of 50 percent 
formamide, 2 χ SSC at 42°C, 5 min each, followed by three washes, 5 min each, in 2 χ 
SSC at 42°C. 
Biotinylated probes were detected with FITC-conjugated avidin (1:500; Vector 
Laboratories). The signal was amplified by two rounds of incubation with rabbit-anti-
FITC (1:250; DAKO) and FITC-conjugated mouse-anti-rabbit antibodies (1:100; Jackson 
Immunoresearch). Digoxigenin-labelled probes were visualized with rhodamine-conjugated 
sheep-anti-digoxigenin antibodies (1:20; Boehringer Mannheim), followed by 
amplification with donkey-anti-sheep-Texas red antibodies (1:50; Jackson 
Immunoresearch). Finally the slides were mounted in anti-fade medium (DAPCO; Merck) 
containing diaminophenylindole (DAPI; Sigma) for nuclear counterstaining. 
Using a Zeiss Axiophot epifluorescence microscope, at least 100 nuclei were evaluated 
per experiment. Separate digital images were recorded using a high-performance 
CH250/A cooled CCD camera coupled to a Macintosh Ilei computer and analysed with 
the program BDS-image. (Biological Detection Systems, Rockville, USA). 
RESULTS 
Histological examination of four separate cases of synovial sarcoma revealed two 
examples of the monophasic fibrous type, one monophasic epithelial type, and one 
biphasic tumour. Immunohistochemically, three of the four cases showed positive staining 
for one or two epithelial markers (i.e., keratin, EMA or CEA) and all tumours stained 
positively for vimentin (Table VI. 1 and data not shown). 
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Table VI.l: Histological diagnosis, immunophenotype, and in situ hybridization data 
MF= monophasic fibrous; BI= biphasic; ME= monophasic epithelial; + = tumour cells 
are positive; -= tumour cells are negative; EMA= epithelial membrane antigen; CEA = 
carcinoembryonic antigen; VIM= vimentin; NSE= neuron-specific enolase; OATL1, 
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FISH was performed using combinations of differently labelled probes. One was a 
centromeric probe specific for either chromosome X or 18, detected in red, and the other 
was either YAC2 (OATL1) or YAC7 (OATL2), detected in green. Simultaneous 
hybridization of the centromere X probe and either one of the YAC probes to normal 
interphase nuclei yielded discrete, closely spaced signals, consistent with their physical 
linkage (Fig. VI. 1 A; see colour pages). In contrast, the combination of the centromere 18 
probe and the YAC probes indicated well-separated hybridization domains, showing a 
random distribution within the nuclei. A few cells exhibited alterations in this pattern, 
such as loss of signals or doublet signals. These are likely to result from overlapping 
hybridization domains or to reflect nuclei in a phase of the cell cycle when chromosomal 
condensation and replication are occurring. 
Hybridization of the centromere X probe (in red) and the YAC 2 probe (in green) to 
tumour cells of cases 1, 3 and 4 revealed a close proximity for one pair of red and green 
signals, while the other signals were located at random in the nucleus (Fig. VI. IB; colour 
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pages). Using a combination of centromere 18 and YAC 2 probes, a consistent 
juxtaposition was observed for one red and one green signal (Fig. VI. 1С; colour pages). 
These findings indicated a chromosomal break occurring between the X centromere and 
the OATL1 cluster, with subsequent translocation of the Xp regions recognized by YAC 2 
to chromosome 18. The use of YAC 7, corresponding to the more proximal OATL2 
cluster, confirmed and refined these observations. Hybridization of YAC 7 resulted in 
three signals of unequal size, indicating that the region encompassed by this YAC was 
split by a translocation event (Fig. VI. ID; colour pages). Moreover, one out of the three 
YAC 7 hybridization domains was consistently located near one centromere 18 signal 
(Fig. IE). Taken together, these observations indicate a translocation involving 
chromosomes X and 18 in cases 1, 3 and 4 and localize the chromosomal break to the 
OATL2 cluster on Xp. 
In contrast, hybridization of YAC 7 to tumour cells of case 2 revealed no detectable 
alterations in the normal hybridization partem, using either the centromere X or the 
centromere 18 probe. However, the more distal YAC2 probe showed three signals in 
experiments with both centromeric probes (Fig. VI. IF; colour pages). This is consistent 
with a translocation between chromosomes X and 18 occurring within the OATL1 region. 
Two cases (2 and 4) showed a significant proportion of nuclei exhibiting a hybridization 
partem identical to that of normal nuclei. Correspondingly, a high frequency of non-
tumour cells was observed in representative histological sections. These cases were 
therefore evaluated by correlating the percentage of tumour cells on the haematoxylin and 
eosin-stained sections with the percentage of cells presenting an abnormal signal pattern. 
DISCUSSION 
The classical biphasic type of synovial sarcoma has a distinctive morphology and thus 
rarely poses a problem diagnostically. Cases that do not exhibit distinct epithelial and 
spindle cell components, on the other hand, require more carefull investigation. In 
particular, monophasic fibrous tumours and the poorly differentiated forms must be 
distinguished from a variety of morphologically similar soft tissue tumours, including 
fibrosarcoma, malignant schwannoma, haemangiopericytoma, and leiomyosarcoma. 
Together with advances in the immunohistochemical characterization (11,12), the ability 
to identify the characteristic t(X;18) translocation could significantly facilitate the 
diagnosis, as well as enhancing its reliability. 
Interphase FISH can overcome the limitations of conventional cytogenetic analysis in 
many instances. This can be usefull for the cytogenetic characterization of solid tumours 
that are difficult to culture in vitro. FISH on interphase nuclei has proven to be a 
powerful tool for the detection of numerical aberrations in malignancies and in the context 
of pre- and post-natal diagnosis (13,14). However, few reports present its application for 
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the identification of stuctural changes (15,16). 
In the present study, interphase cytogenetics have been used to investigate chromosomal 
translocations in synovial sarcoma. Four different sets of experiments were performed on 
all tumours using probes specific for centromere X or 18, along with YAC probes 
spanning the two breakpoint regions on Xp. Advantage was taken of the fact that in 
synovial sarcoma the breakpoints are located adjacent to the X and 18 centromeres. This 
results in the YAC probes localizing in close proximity to the centromere in normal cells 
and to centromere 18 in cells carrying a reciprocal t(X;18) translocation. This approach 
provided simultaneous information, on a single cell basis, about the chromosome copy 
number, the occurrence of additional, abnormal signals, and the physical linkage (or non-
linkage) of the target sequences. Furthermore, it permitted a precise characterization of 
structural aberrations in interphase cells, more so than that possible with chromosome 
painting probes. It should be possible to apply this approach to solid tumours on a routine 
basis in cases where a specific translocation is associated with a tumour, provided that the 
appropriate probes are available. 
In tumours from four female patients, we have observed results consistent with the 
presence of one normal and one rearranged X chromosome. In the same cases, X signals 
appeared in close proximity to the 18 centromere-specific probe. This agrees with a 
t(X;18) translocation having occurred in the tumour samples. In three examples, one 
monophasic epithelial and two monophasic fibrous synovial sarcomas, it was possible to 
assign the breakpoint to the OATL2 region, while in the other case, a biphasic tumour, 
the hybridization pattern indicated an OATL1 breakpoint. 
Thus our findings corroborate the demonstration of two distinct X-chromosomal 
breakpoints in the t(X;18) translocation characteristic of synovial sarcoma and are 
relevant to the question whether distinct chromosomal breakpoints can be correlated with 
different tumour phenotypes, as recently proposed (8). With one exception (9), biphasic 
tumours correspond to a breakpoint within the OATL1 cluster, whereas the majority of 
monophasic fibrous tumours show a breakpoint mapping to the OATL2 region (8,9). Our 
results, while representing only a limited number of cases, support this working 
hypothesis. 
Little is known about how synovial sarcoma originates or about the factors reponsible for 
the striking morphological variety of the tumour. The interesting question is whether the 
pathways leading to epithelial- or mesenchymal-like differentiation are determined by 
epigenetic, environment factors, or whether they are related to distinct events at the 
chromosomal level. The full characterization of the breakpoints and the evaluation of 
additional tumour material will help to answer these questions and to provide further 
insight into the pathogenesis of synovial sarcoma. 
ACKNOWLEDGMENTS 
83 
We thank Dr. H.J. Walde, Dr. F. Natt (Sande), Dr. Lüllig (Bremen), and Dr. B. 
Wippermann (Hannover) for providing tumour material. The critical comments of Anna 
Bakardjiev helped to improve the manuscript. This work was supported by the Mildred 
Scheel Stiftung (37/92/Nol) and the Dutch Cancer Society (Koningin Wilhelmina fonds). 
84 
REFERENCES 
1. Enzinger FM, Weiss, SW. Soft Tissue Tumors. 2nd edn. St. Louis: C.V. Mosby, 
1988: 659-688. 
2. Turc-Carel C, Dal Cin P, Limon J, et al. Involvement of chromosome X in 
primary cytogenetic change in human neoplasia: non-random translocation in 
synovial sarcoma. Proc. Natl. Acad. Sci. USA 1987; 84: 1981-1985. 
3. Limon J, Mrozek K, Mandahl N, et al. Cytogenetics of synovial sarcoma: 
presentation of ten new cases and review of the littérature. Genes chromosomes 
Cancer 1991; 3: 338-345. 
4. Dal Cin P, Rao U, Jani-Sait S, et al. Chromosomes in the diagnosis of soft tissue 
tumors. I. Synovial sarcoma. Mod Pathol 1992; 5: 537-362. 
5. Leeuw В de, Berger W, Sinke RJ, et al. Identification of a yeast artificial 
chromosome (YAC) spanning the synovial sarcoma-specific translocation 
t(X;18)(pll.2;qll.2) breakpoint. Genes Chromosomes Cancer 1993; 6, 182-189. 
6. Leeuw В de, Suijkerbuijk RF, Balemans M, et al. Sublocalization of the synovial 
sarcoma-associated t(X;18) chromosomal breakpoint in Xpll.2 using cosmid 
cloning and fluorescence in situ hybridization. Oncogene 1993; 8: 1457-1463. 
7. Knight JC, Reeves BR, Kearney L, et al. Localization of the synovial sarcoma 
t(X;18)(pll.2;qll.2) breakpoint by fluorescence in situ hybridization. Hum Mol 
Genet 1992; 8: 633-637. 
8. Leeuw В de, Suijkerbuijk RF, Olde Weghuis D, et al. Distinct X chromosome 
breakpoints in t(X;18)(pll.2;qll.2)-positive synovial sarcomas revealed by 
metaphase and interphase fluorescence in situ hybridization: relationship to 
histologic subtypes. Cancer Genet Cytogenet 1994; 73: 89-94. 
9. Shipley JM, Clark J, Crew AJ, et al. The t(X;18) translocation found in human 
synovial sarcomas involves two distinct loci on the X chromosome. Oncogene 
1994; 9: 1447-1453. 
10. Werner M, Georgii A, Bernhard J, et al. Characterization of giant cells in 
Hodgkin's lymphoma by immunohistochemistry applied to randomly collected 
diagnostic biopsies from the German Hodgkin trial. Hematol Oncol 1990; 8: 241-
85 
250. 
11. Corson JM, Weiss LM, Banks-Schlegel SP, et al. Keratin proteins and 
carcinoembryonic antigen in synovial sarcomas; an immunohistochemical study of 
24 cases. Hum Pathol 184; 15: 615-621. 
12. Ordonez NG, Mahfouz SM, Mackay В. Synovial sarcoma: an 
immunohistochemical and ultrastructural study. Hum Pathol 1990; 21: 733-749. 
13. Hopman AHN, Ramaekers FCS, Raap AK, et al. In situ hybridization as a tool to 
study numerical chromosome aberrations in solid bladder tumors. Histochemistry 
1988; 89: 307-316. 
14. Lichter Ρ, Cremer Τ, Chang Tang CJ, et al. Rapid detection of human 
chromosome 21 aberrations by in situ hybridization. Proc Natl Acad Sci USA 
1988; 85: 9664-9668. 
15. Tkachuk DC, Westbrook CA, Andreeff M, et ai Detection of bcr-abl fusion in 
chronic myelogeneous leukemia by in situ hybridization. Science 1990; 250: 559-
562. 
16. Zucman J, Melot T, Desmaze C, et al. Combinatorial generation of variable 
fusion proteins in the Ewing family of tumours. EMBO J 1993; 12: 4481-4487. 
86 
CHAPTER V I I 
MOLECULAR CLONING OF THE SYNOVIAL 
S A R C O M A - S P E C I F I C T R A N S L O C A T I O N 
(X;18)(pll.2;qll.2) BREAKPOINT 
B. de Leeuw1, M. Balemans1, D. Olde Weghuis1, R. Seruca2, M. Janz3, M.T. 
Geraghty4, S. Gilgenkrantz5, H.H. Ropers1 and A. Geurts van Kessel1 
1. Department of Human Genetics, University Hospital, Nijmegen, The Netherlands 
2. Department of Medical Genetics, Hospital St. Joao, Porto, Portugal 
3. Institute for Molecular Biology, Medical School, Hannover, Germany 
4. Howard Hughes Medical Institute, The Johns Hopkins University School of 
Medicine, Baltimore, USA 
5. Laboratoire de Génétique, Centre Regional de Transfusion Saguine, Nancy, France 
Published in Hum. Molec. Genet. 3: 745-749 (1994) 
87 
ABSTRACT 
The chromosomal translocation (X;18)(pll.2;qll.2) represents the cytogenetic 
hallmark of human synovial sarcomas. Two related but distinct breakpoints within 
band Xpll.2 were reported previously by us and others using breakpoint-spanning 
YACs in conjunction with FISH. Interestingly, we found that the occurrence of these 
alternative breakpoints corresponds to the presence of different histologic 
characteristics of the tumors involved. Here we report the isolation, via subcloning of 
one of our YAC-derived cosmids, of probes which specifically hybridize to altered 
restriction fragments in tumor DNAs as compared to normal controls. By using a 
synovial sarcoma-derived der(X) containing somatic cell hybrid, one of these 
aberrantly hybridizing fragments could be isolated via preparative gel 
electrophoresis. This fragment appears to contain chromosome X- and 18-derived 
sequences, as revealed by both FISH on normal metaphase spreads and Southern 
blot analysis of X- and 18-only somatic cell hybrids. We conclude that this genomic 
fragment is chimaeric in nature and contains the translocation breakpoint region. In 
addition, our results indicate that, in contrast to our findings on the X chromosome, 
a single locus on chromosome 18 may be involved in the development of different 
(sub)types of synovial sarcoma. 
INTRODUCTION 
Synovial sarcoma is a malignant soft tissue tumor, which mainly occurs in the extremities 
of adolescents and young adults. Cytogenetic analysis has revealed the presence of a 
characteristic chromosomal translocation, t(X;18)(pll.2;qll.2) (1-6). Sometimes this 
translocation is the only cytogenetic anomaly present and, therefore, it is assumed that it 
is causally related to the process of tumor development. Instead of a 'simple' (X;18) 
translocation, more complex rearrangements have been encountered in some synovial 
sarcomas. In these variant cases, however, the same cytogenetic regions on chromosomes 
X and 18 are consistently involved, next to various other genomic sites. This latter 
observation underlines the relevance of these specific chromosomal regions (particularly 
those present on the X derivative) in tumor formation (1-3,5,7,8). 
The occurrence of two distinct t(X;18) breakpoints in Xpll.2 has been documented by us 
and others using breakpoint-spanning YACs in conjunction with fluorescence in situ 
hybridization (FISH) (9-11). These YACs correspond to the chromosome X-specific 
ornithine aminotransferase (OAT)-related regions OATL1 and OATL2, respectively, 
which contain a number of OAT-like sequences (12). Interestingly, we were able to 
establish a positive relationship between the presence of these alternative X-chromosomal 
breakpoints and the most predominant histologic characteristics of the tumors. All 
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biphasic synovial sarcomas studied so far were found to have a break in the OATL1 
region, whereas the vast majority of the monophasic tumors exhibited a break in the 
OATL2 region (8,13). None of the X chromosomal restriction fragments hybridizing to 
an OAT-specific cDNA probe were found to be aberrant in size in the various synovial 
sarcomas that we studied (10), indicating that these sequences themselves are not likely to 
be directly involved in the process of malignant transformation. Here we report the 
isolation and preliminary characterization of a chimaeric genomic X;18 translocation 
breakpoint fragment from a der(X) containing somatic cell hybrid. 
RESULTS AND DISCUSSION 
Isolation of probes from the OATL1 region detecting rearrangements in synovial 
sarcoma-derived DNAs 
A cosmid library was prepared after partial Mbol digestion of total yeast DNA of cells 
containing OATL1 YAC#2 (see material and methods). An effort was made to construct a 
cosmid contig of this YAC but, due to the abundance of high and low copy repeats in this 
particular genomic region, it was difficult to complete this map with absolute certainty. 
Therefore, we decided to determine the relative locations of the various cosmids via the 
hybridization of individual Sau3A fragments originating from these cosmids to a panel of 
deletion YACs obtained from OATL1 YAC#2 (15). Since the OAT-specific cDNA probe 
huOAT6 appeared to hybridize specifically to the three largest representatives of this 
deletion series (not shown), and since the synovial sarcoma breakpoint in the der(X) 
containing somatic cell hybrid Hlsynsarc was previously mapped within the OATL1 
cluster (10,16), cosmids localized on these three largest deletion YACs were investigated 
in more detail by FISH, total cosmid hybridization on Southern blots (11) and cosmid 
subcloning. From two Hindlll fragments of one of these cosmids (A44b) six Sau3A sub-
fragments were isolated which detect aberrantly hybridizing bands when compared to 
normal controls on Southern blots containing Xbal digested DNAs from both Hlsynsarc 
and primary tumor samples (fig. VILI). One of these fragments, A44bHAS8, was used 
for further analysis. 
The hybridization pattern of A44bHAS8 
As can be seen in fig. VILI, the A44bHAS8 probe hybridizes to 7 different Xbal 
fragments after Southern hybridization of DNAs extracted from either human control cells 
or the X-only somatic cell hybrid 578 (lanes A and C, respectively). This indicates that 
A44bHAS8 hybridizes to a low copy repeat sequence specifically present on the X 
chromosome. In the der(X) containing lane D, however, two of these hybridizing bands 
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are absent whereas four of them are still present. This indicates that the A44bHAS8 probe 
hybridizes to genomic fragments that bracket the X-chromosomal breakpoint present in 
the hybrid cell line Hlsynsarc. In addition, one of the hybridizing bands is clearly 
abnormal in size (lane D, arrow). Also, in several independent primary tumors shifted 
bands of various sizes were detected by probe A44bHAS8 (fig. VILI, lane E, arrow, and 
not shown). 










Figure VILI: Southern blot analysis of Xbal digested DNAs using A44bHAS8 as a 
probe. Lane A: control human (HL60), lane B: Chinese hamster (A3), lane C: X-only 
somatic cell hybrid (578), lane D: der(X) containing somatic cell hybrid (Hlsynsarc), lane 
E: synovial sarcoma (T90-6958), lane F: synovial sarcoma (T87-6203). Size markers 
were deduced from co-electrophoresed Hindlll-digested phage lambda DNA, and are 
indicated in kilobases (kb). Hybridizing fragments of aberrant size are indicated by 
arrows. 
No such bandshifts were seen after hybridization of 10 random normal control DNAs. 
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This result indicates that we are not dealing here with a frequently occurring restriction 
fragment length polymorphism (RFLP) but, instead, seem to detect the X-chromosomal 
breakpoint in t(X;18)-bearing tumors. Another probe originating from the same Hindlll 
fragment as A44bHAS8, A44bHASl, showed aberrantly hybridizing bands in both Xbal 
and Pstl cleaved DNAs of a subset of the tumors when compared to normal controls or, 
in one case, DNA extracted from a blood sample of the same patient (fig. VII.2). In 
contrast, this latter probe fails to reveal aberrantly hybridizing bands in the der(X) 
containing hybrid Hlsynsarc (fig. VII.2). 









· · # # 
Figure VII.2: Southern blot analysis of Xbal- (left panel) and Pstl- (right panel) cleaved 
DNAs using A44bHASl as a probe. Lanes A: Chinese hamster (A3), lanes B: X-only 
somatic cell hybrid (578), lanes C: der(X) containing somatic cell hybrid (Hlsynsarc), 
lanes D: control blood from same patient as in E, lanes E: synovial sarcoma 
(2109/92TC). Size markers were deduced from co-electrophoresed Hindlll-digested phage 
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lambda DNA, and are indicated in kilobases (kb). Hybridizing fragments of aberrant size 
are indicated by arrows. 
Cloning of the rearranged fragment from der(X). 
A preparative gel was made from Hlsynsarc DNA using methods described earlier (17). 
In short, an Xbal digest of Hlsynsarc DNA was run on an agarose gel. A vertical slice 
of this gel was blotted onto a Genesereen filter. The rest of the gel was cut into 2mm 
horizontal slices of which a portion (1/10) was separated, purified (Geneclean), re-run on 
a gel and blotted again. Both blots were hybridized with probe A44bHAS8, after which 
slices containing the shifted band (fig. П.1, lane D, arrow) could be identified. Two 
positive slices were purified and cloned into an Xbal cleaved, dephosphorylated 
lambdaZAP vector, packaged with Gigapack gold packaging mix and, subsequently, 
transfected into XLl-Blue MRF' cells (Stratagene). This procedure resulted in a library of 
1.5 χ 106 independent insert containing clones of which 4.5 χ IO4 were plated onto 
nitrocellulose filters and screened again with probe A44bHAS8. One positive plaque was 
recovered from which phages, lambdaSSl, were purified and turned into a Bluescript 
plasmid according to the zapping protocol of lambdaZAP (Stratagene). This plasmid, 
pSSl, contains the expected Xbal insert of approximately 5.5 kb (fig. VILI) which, in 
turn, hybridizes to probe A44bHAS8 (not shown). 
FISH analysis of rearranged fragment SSI 
The putative chimaeric nature of the rearranged and cloned fragment SSI was tested first 
through FISH analysis. Fig. VII.3 (see colour pages) shows one of the FISH results 
obtained with pSSl (labeled with biotin and visualised with FITC-conjugated avidin) on a 
normal metaphase spread. The chromosome X centromere is detected in red. As can be 
seen from the figure, clear pSSl signals are visible on the X chromosome just above the 
centromere (arrow) and, in addition, on both chromosome 18 homologs just below the 
centromere (arrowheads). These hybridizing regions nicely correspond to the locations of 
the (X;18) translocation breakpoints and, therefore, provide preliminary indications that 
pSSl may indeed contain the breakpoint junction fragment. 
Hybridization patterns of probes isolated from pSSl 
Sau3A fragments were isolated from pSSl and used as probes on Southern blots. As can 
be seen in fig. VII.4, one of these (single copy) probes, SS1S7, hybridizes to a Hindlll 
restriction fragment of 4 kb in DNA extracted from the chromosome 18-only somatic cell 
hybrid GM11010 (lane E), indicating that fragment SSI contains genuine chromosome 18-
derived material. A similar band can be observed in normal total control human DNA 
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(lane В). However, a shifted band is seen in the der(X) containing lane D, which is in 
agreement with SS1S7 being derived from the X;18 breakpoint fragment present in 
Hlsynsarc. Very similar results were obtained using PstI- and Xbal-cleaved (hybrid) 
DNAs (not shown). 
Several other probes isolated from pSSl (for example SS1S4) provided hybridization 
patterns with characteristics similar to those obtained with A44bHAS8 (not shown). These 
probes again hybridized to several restriction fragments from total human DNA and the 
X-only hybrid 578. Therefore, we conclude that both chromosome X- and 18-derived 
sequences are present within the SSI fragment and, hence, that this fragment is chimaeric 
in nature. 
Figure VII.4: Southern blot analysis of Hindlll cleaved DNAs using SS1S7 as a probe. 
Lane A: Chinese hamster (A3), lane B: human (HL60), lane C· X-only somatic cell 
hybrid (578), lane D: der(X) containing somatic cell hybrid (Hlsynsarc), lane E: 18-only 
somatic cell hybrid (GM11010). Size markers were deduced from co-electrophoresed 
HindlH-digested phage lambda DNA, and are indicated in kilobases (kb). 
Further screening of synovial sarcomas, now with the SS1S7 probe, again revealed 
abnormally hybridizing bands. Some of these tumors have been characterized before by 
FISH and were shown to exhibit either the OATLl-related (e.g., T91 12083, biphasic 
histology) (11) or, alternatively, the OATL2-related (e.g., KN, monophasic epithelial 
histology) (Janz et al., to be published elsewhere) translocation breakpoint (see fig 
VII.5). This latter result can best be explained by assuming that the same locus on 
chromosome 18 is involved in the genesis of tumors containing distinct breakpoints in 
Xpll.2. 
Taken together, we conclude that the isolated SSI fragment represents the synovial 
sarcoma-specific t(X;18) breakpoint fragment from the der(X) containing somatic cell 
hybrid Hlsynsarc. Furthermore, screening of other unrelated primary tumor material with 
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SSI-derived probes indicates that alteration of this fragment is not restricted to 
Hlsynsarc. In addition, our results indicate that the same genomic region on chromosome 
18 may be involved in tumors carrying either OATL1- or OATL2-related breakpoints. 
A B C D 




Figure VII.5: Southern blot analysis of EcoRI- (left panel) and PstI- (right panel) cleaved 
DNAs using SS1S7 as a probe. Lanes A and C: normal human control. Lane B: synovial 
sarcoma (KN), lane D: synovial sarcoma (T91 12083). Size markers were deduced from 
co-electrophoresed Hindlll-digested phage lambda DNA, and are indicated in kilobases 
(kb). Hybridizing fragments of aberrant size are indicated by arrows. 
Since the OATL1 and OATL2 regions have a number of characteristics in common, it has 
been suggested before that they may have evolved from each other during evolution 
(15,18). This could mean that distinct but related sequences may be present in these X 
chromosomal regions which, through juxtaposition to chromosome 18, may play a role in 
the genesis of synovial sarcoma and the establishment of the final tumor phenotype. 
Currently, we are constructing a detailed physical map of the chromosome 18 breakpoint 
(cluster-) region. This information will be used to determine its exact size and should be 
instrumental for the identification of gene(s) involved in the etiology of (different subtypes 
of) synovial sarcoma. 
MATERIAL AND METHODS. 
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Somatic cell hybrids and patient material 
The hybrid cell line Hlsynsarc was isolated after fusion of the Chinese hamster CH3S 
cell line with primary t(X;18)-positive synovial sarcoma cells as described before (14). 
These cells have retained the der(X) chromosome as the sole human chromosome X or 18 
material. Hybrid cell line 578 has been derived from the fusion of Chinese hamster Wg3-
h and normal human cells. This hybrid has only retained the human X chromosome (19). 
GM11010 is a chromosome 18-only somatic cell hybrid that has been obtained from the 
Corriel Cell Repository (Philadelphia, PA, USA) (20). 
Tumor 2109/92TC was derived from a male patient and has been diagnosed as a typical 
biphasic synovial sarcoma. The tumor karyotype reads: 50,XY,+4,+7,+8, + 12,t(X;18) 
(pll.2;qll.2). As control, a normal blood sample was obtained from this same patient. 
T91 12083 is a sporadic biphasic synovial sarcoma from a female patient with the (X;18) 
translocation as the sole chromosomal anomaly and has been reported before (11). KN is 
an epithelial monophasic synovial sarcoma which has not been analyzed cytogenetically. 
FISH analysis of interphase nuclei extracted from this tumor, however, revealed a typical 
OATL2-related t(X;18) breakpoint (Janz et al., to be published elsewhere). Synovial 
sarcomas T90-6958 and T87-6203 are of unknown histologic subtype, but were 
karyotyped as: 48,X,t(X;18)(pll ;ql l) ,der(3)t(3;?)(p21;?) + 8, +12 , and 
46,X,t(X;18)(pll.2;qll.2), respectively. 
Cloning strategies and Southern blot analysis 
A cosmid library was prepared after partial Mbol digestion of total yeast DNA of cells 
containing OATL1 YAC#2 (11). This library yealded 105 clones, which accounts for 188 
times the yeast genome. A subset of 4000 clones (about 8 times the yeast genome) was 
screened with OAT-, Alu- and total human DNAs as probes resulting, after rescreening, 
in a total of 106 positive clones which, subsequently, were placed on a grid. 
A preparative gel was made from Hlsynsarc DNA as described before (17). An Xbal 
digest of 100 /ig Hlsynsarc DNA was applied to a 35 mm slot of an agarose gel and run 
overnight. Slices of 2 mm were prepared from this gel and screened via Southern blot 
hybridizations. Subsequently, DNA fragments were recovered from positive slices and 
cloned into a lambdaZAP vector (Stratagene) using standard techniques. 
High molecular weight genomic DNAs were isolated according to methods described by 
Jeffreys et and Flavell (21), digested to completion with restriction enzymes and, after gel 
electrophoreses, blotted onto Genesereen Plus nylon membranes (DuPont). Probes were 
labeled using the random primer extension protocol according to Feinberg and Vogelstein 
(22). Hybridizations were performed in 0.5 M NaH2P04, ImM Na2EDTA and 7% SDS 
(w/v) overnight at 65°C. Blots were washed twice with 40mM NaH2P04, 0.1% SDS at 
65°C, or lOmM NaH2P04, 0.1% SDS at 65°C and exposed to X-ray films at -80°C for 
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1-3 days using intensifier screens. 
Fluorescence in situ hybridization (FISH) 
All fluorescence in situ hybridization (FISH) procedures used were essentially as 
described previously (23-25). Briefly, pSSl was labeled with biotin-14-dATP (Gibco, Life 
Technologies) and the X centromere probe pBamX5 with digoxigenin-11-dUTP 
(Boehringer) using a nick-translation kit (Gibco, Life Technologies). 200ng labeled pSSl 
probe DNA and 10 /tg Cot-1 (Life Technologies) DNA was dissolved in 6 μ\ of a 
hybridization solution (50% v/v deionized formamide, 10% w/v dextrane sulphate, 
2xSSC, 1% v/v Tween-20, pH 7.0). Prior to hybridization, the probe was denatured at 
80°C for 10 minutes, chilled on ice, and incubated at 37CC for 30 minutes allowing 
preannealing. For pBamX5 10 ng DNA in 6 μΐ was used per reaction and no competitor 
DNA was added. Metaphase spreads were prepared using standard procedures. After 
denaturation of the slides, probe incubations were carried out under an 18x18 mm 
coverslip in a moist chamber for 1 night. 
Immunocytochemical detection of the hybridizing probes was achieved using fluorescein 
isothiocyanate (FITC)-conjugated avidin (1:500, Vector laboratories) followed by two 
amplification steps using rabbit-anti-FITC (1:250, Dakopats) and mouse-anti-rabbit-FITC 
(1:100, Jacksons Immunoresearch) (26) in case of biotinilated probes or Rhodamin-
conjugated sheep anti-digoxigenin (1:20, Boehringer Mannheim) and amplification with 
Texas Red-conjugated donkey anti-sheep (1:50, Jackson Immunoresearch) in case of 
digoxigenin labeled probes. For evaluation of the chromosomal slides a Zeiss 
epifluorescence microscope equipped with appropriate filters for visualization of Texas 
Red, DAPI and FITC fluorescence was used. Digital images were acquired using a high-
performance cooled CCD camera (Photometries, Tucson, USA), interfaced to a 
Macintosh Ilei computer. All digital image-acquiring, -processing and -analysis functions 
were accomplished by means of the BDS-Image™ F.I.S.H. software package (Biological 
Detection Systems Inc., Rockville, USA). 
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IDENTIFICATION OF TWO ALTERNATIVE FUSION 
GENES, SYT-SSX1 AND SYT-SSX2, IN 
t ( X ; 1 8 ) ( p l l . 2 ; q l l . 2 ) - P O S I T I V E SYNOVIAL 
SARCOMAS 
B. de Leeuw, M. Balemans, D. Olde Weghuis and A. Geurts van Kessel 
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ABSTRACT 
Analysis of a series of t(X;18)(pll.2;qll.2)-positive synovial sarcomas for the 
presence of SYT-SSX fusion gene products via RT-PCR yielded positive results in all 
cases. Subsequent sequence analysis of the PCR products revealed that they can be 
classified into two groups, referred to as SYT-SSX1 and SYT-SSX2, with several 
consistent basepair differences in the X-chromosomal segment. This sequence-based 
classification matches exactly with the occurrence of two different X-chromosomal 
breakpoints in the corresponding tumors, as revealed by FISH in conjunction with 
Xpll.2-specific YAC clones. These observations are also in agreement with our 
previous notion that distinct but related sequences on the X chromosome, through 
juxtaposition to chromosme 18-derived sequences, may play a crucial role in the 
genesis of synovial sarcomas and the establishment of the final tumor phenotype, i.e., 
monophasic versus biphasic. 
Synovial sarcomas are soft tissue tumors that occur mainly in adolescents and young 
adults. The chromosomal translocation (X;18)(pll.2;qll.2) is found in the majority of 
these sarcomas (1) and, as such, is thought to play a causative role in tumor formation. 
The occurrence of two related but distinct breakpoints in Xpll.2 has been reported by us 
and others using tumor-derived somatic cell hybrids and metaphase and interphase 
fluorescent in situ hybridization (FISH) on primary tumor samples in conjunction with 
breakpoint-spanning YACs (2-5). These YACs contain several X chromosome-specific 
low copy repeat sequences, among which two ornithine aminotransferase-like pseudogene 
clusters, OATL1 and OATL2. Interestingly, we found that the occurrence of the two 
breakpoints correlates with the histologic phenotypes of the tumors, i.e., those with a 
breakpoint near the OATL1 region display a biphasic morphology, whereas most of the 
tumors with a breakpoint near OATL2 are monophasic (4,6,7). Recently, we isolated a 
chimaeric genomic (X;18) fragment containing the synovial sarcoma-specific breakpoint 
region (8). By using chromosome 18-specific single copy probes from this fragment, 
rearrangements were observed in tumors carrying translocation breakpoints in the vicinity 
of either OATL1 or OATL2, suggesting that a single gene on chromosome 18 is probably 
involved in both types of tumors (8). Subsequently, a chimaeric (X;18) cDNA clone was 
isolated by Clark et al. (9) and the contributing genes were referred to as SYT 
(chromosome 18) and SSX (X chromosome). Via RT-PCR, using SYT and SSX-specific 
primers, a 585 basepair (bp) chimaeric fragment could be amplified in several synovial 
sarcomas. No details were provided by these authors about the cytogenetic and/or 
histologic characteristics of the tumors studied. 
We have carried out RT-PCR on RNAs extracted from a series of nine independent 
synovial sarcomas, including one cell line and one tumor-derived somatic cell hybrid 
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using the SYT/SSX primer set reported by Clark et al. (9). As a control a t(X;18)-
negative renal cell carcinoma was included in our assays. All synovial sarcomas used in 
this series have been subjected to breakpoint analysis by FISH (4,7 and unpublished 
results). Tumors 1-5 were found to contain breakpoints near OATL1, and tumors 6-9 near 
OATL2. RT-PCR analysis of the nine sarcomas (fig. VIII. 1, 1-9) resulted in fragments of 
expected size (585 bp) in all cases except one, in which a shorter product (fig. VIII. 1, 
lane 1; 499 bp, details to be described elsewhere) was observed. The control renal tumor 
sample (fig. VIII. 1, lane 10) was negative, as expected. 










Fig VIII.l: RT-PCR products (35 cycles; 96°C 1 min.; 47°C 1 min.; 72°C 3 min.) of 
synovial sarcoma (1-9) and control renal tumor (10) samples, after agarose 
gel (2%) electrophoresis. 
As primers SYT: 5' CAACAGCAAGATGCATACCA 3' and SSX: 5' 
CACTTGCTATGCACCTGATG 3' were used (see fig. VIII.2). Synovial 
sarcomas: lanes 1 and 5 through 9: 28775/90, 2374/90, 23.303B, KN, 
4873/92 and 20521/88 (see refs. 4,7); lane 2: 293090 (unpublished case); 
lane 3: somatic cell hybrid Hlsynsarc (ref. 10); lane 4: a tumor-derived 
cell line (unpublished result). Fragment lengths are indicated in base pairs. 
Since the PCR products were obtained from synovial sarcomas exhibiting either of the 
two alternative X-chromosomal breakpoints, we set out to clone and sequence the 
different amplified fragments. In all cases, sequences turned out to be identical for the 
region corresponding to chromosome 18 (SYT). However, consistent basepair changes 
were observed at 25 different positions (fig. VIII.2, arrowheads) in the X-chromosomal 
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(SSX) segments of the PCR products derived from tumors carrying breakpoints near 
either OATL1 (1-5) or OATL2 (6-9). 
[ SYT > 
1 CAACAGCAAG ATGCATACCA GGGACCACCT CCACAACAGG GATATCCACC 
1 CAACAGCAAG ATGCATACCA GGGACCACCT CCACAACAGG GATATCCACC 
[ 
51 CCAGCAGCAG CAGTACCCAG GGCAGCAAGG TTACCCAGGA CAGCAGCAGG 
51 CCAGCAGCAG CAGTACCCAG GGCAGCAAGG TTACCCAGGA CAGCAGCAGG 
101 GCTACGGTCC TTCACAGGGT GGTCCAGGTC CTCAGTATCC TAACTACCCA 
101 GCTACGGTCC TTCACAGGGT GGTCCAGGTC CTCAGTATCC TAACTACCCA 
151 CAGGGACAAG GTCAGCAGTA TGGAGGATAT AGACCAACAC AGCCTGGACC 
151 CAGGGACAAG GTCAGCAGTA TGGAGGATAT AGACCAACAC AGCCTGGACC 
201 ACCACAGCCA CCCCAGCAGA GGCCTTATGG ATATGACCAG ATCATGCCCA 
201 ACCACAGCCA CCCCAGCAGA GGCCTTATGG ATATGACCAG ATCATGCCCA 
chromosome IB ] [ 
251 AGAAGCCAGC AGAGGACGAA AATGATTCGA AGGGAGTGTC AGAAGCATCT 
251 AGAAGCCAGC AGAGGAAGGA AATGATTCGG AGGAAGTGCC AGAAGCATCT 
301 GGCCCACAAA ACGATGGGAA ACAACTGCAC CCCCCAGGAA AAGCAAATAT 
301 GGCCCACAAA ATGATGGGAA AGAGCTGTOC CCCCCGGGAA AACCAACTAC 
351 TTCTGAGAAG ATTAATAAGA GATCTGGACC CAAAAGGGGG AAACATGCCT 
351 CTCTGAGAAG ATTCACQAGA GATCTGGACC CAAAAGGGGG GAACATGCCT 
4 01 GGACCCACAG ACTGCGTGAG AGAAAOCAGC TGGTGATTTA TGAAGAGATC 
4 01 GGACCCACAG ACTGCGTGAG AGAAAACAGC TGGTGATTTA TGAAGAGATC 
chromosome X * 
451 AGCGACCCTG AGGAAGATGA CGAGTAACTC CCCTOGGGGA TACGACACAT 
451 AGCGACCCTG AGGAAGATGA CGAGTAACTC CCCTCAGGGA TACGACACAT 
StOp A A 
501 GCCCTTGATG AGAAGCAGAA CGTGGTGACC TTTCACGAAC ATGGGCATGG 
501 GCCCATGATG AGAAGCAGAA CGTGGTGACC TTTCACGAAC ATGGGCATGG 
-SSX 1 
551 CTGCGGCTCC CTCGTCATCA GGTGCATAGC AAGTG = SYT-SSX1 
551 CTGCGGACCC CTCGTCATCA GGTGCATAGC AAGTG - SYT-SSX2 
" 1 
Fig. ПІ.2: Comparison of the two different types of sequences found among the 
SYT/SSX PCR products displayed in figure VIII. 1. Base differences are 
indicated by arrowheads. Alul restriction sites are underlined. Locations of 
SYT, SSX and SSX1/2 specific primers are overlined (with directional 
arrows). The end of the open reading frame is indicated by "stop". The 
chromosomal regions of origin are marked between brackets. 
These basepair changes include an Alul restriction site (underlined in fig. VIII.2). 
Correspondingly, Alul cleavage of the different PCR fragments resulted in 429 and 156 
bp fragments (fig. ПІ.З, lanes A and B) in the first group of tumors, and 324, 156 and 
105 bp fragments (fig. VIII.3, lanes С and D) in the second group, respectively. Again, 
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the 499 bp PCR product from case 1 yielded different results (fig. VIII.3, lanes F and G). 
Fig. VIII.3: Alul restriction digests of SYT/SSX PCR products from synovial sarcomas. 
Lanes A,B: cases 4,5 and lanes C,D: cases 8,9 (see fig. VIII. 1). Lanes 
E,F: undigested SYT/SSX PCR products of case 8 (585 bp) and case 1 
(499 bp), respectively. Lane G: Alul cleavage products of case 1. Fragment 
lengths are indicated in base pairs. 
Specific primers (referred to as SSX1 and SSX2) were developed corresponding to a 
region exhibiting five basepair differences (overlined in fig. VIII.2). Subsequent RT-PCR 
analysis revealed the specific amplification of fragments of expected size (331 bp) in 
tumors 2-5 with SYT-SSX1, and in tumors 6-9 with SYT-SSX2 primer sets, respectively 
(fig. VIII.4). Again, tumor 1 gave an abberantly sized fragment with only the SYT-SSX1 
primer set. From these results we conclude that indeed two related but distinct X-
chromosomal genes (SSX1 and SSX2; located near OATL1 and OATL2 in Xpll.2, 
respectively) are rearranged in different subsets of t(X;18)(pll.2;qll.2)-positive synovial 
sarcomas. In addition, we confirm our previous notion that the same gene on chromosome 
18 (SYT) is involved in cases exhibiting either of the two alternative X-chromosomal 
breakpoints. 
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'Nested' PCR (30 cycles; 96°C 1 min.; 48°C 1 min.; 72°C 3 min.) 
on SYT/SSX PCR products from cases 1-9 with the primers SYT 
(figs. VIII. 1,2) and SSX1: 5' GGTGCAGTTGTTTCCCATCG 3' 
(fig. VIII.2). 
'Nested' PCR as in A with primers SYT (figs. VIII. 1,2) and SSX2: 
5' GGGACAGCTCTTTCCCATCA 3' (fig. VIII.2). 
Panels A and B: Lane 0, SYT/SSX PCR product of 585 bp as in 
fig. VIII. 1. Lane 10, control renal tumor. Fragment lengths are 
indicated in base pairs. 
The two X-chromosomal genes SSX1 and SSX2 differ at 25 positions within the 585 bp 
SYT-SSX RT-PCR product (93% homology). These differences result in 13 amino acid 
changes (fig. VIII.5, arrowheads). As most of these changes are non conservative, they 
are expected to have effects on protein folding and function. Further analysis at the 
protein level is required to resolve the question as to how such changes are related to the 
ultimate tumor phenotype (monophasic versus biphasic). In this context, the exceptional 
case 1 may be particularly informative. 
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1.. Ile Met Pro Lys Lys Pro Ala Glu Asp Glu Asn Asp Ser Lys Gly 
І.ЛІе Met Pro Lys Lys Pro Ala Glu Glu Gly Asn Asp Ser Glu Glu 
A Á A A 
16 Val Ser Glu Ala Ser Gly Pro Gin Asn Asp Gly Lys Gin Leu His 
16 Val Pro Glu Ala Ser Gly Pro Gin Asn Asp Gly Lys Glu Leu Су s 
A A A 
31 Pro Pro Gly Lys Ala Asn Ile Ser Glu Lys Ile Asn Lys Arg Ser 
31 Pro Pro Gly Lys Pro Thr Thr Ser Glu Lys Ile His Glu Arg Ser 
A A A A A 
46 Gly Pro Lys Arg Gly Lys His Ala Trp Thr His Arg Leu Arg Glu 
46 Gly Pro Lys Arg Gly Glu His Ala Trp Thr His Arg Leu Arg Glu 
61 Arg Lys Gin Leu Val Ile Туг Glu Glu Ile Ser Asp Pro Glu Glu 
61 Arg Lys Gin Leu Val Ile Tyr Glu Glu Ile Ser Asp Pro Glu Glu 
76 Asp Asp Glu stop SSXl end 
76 Asp Asp Glu stop SSX2 end 
Fig. VIII.5: Amino acid comparison of the X chromosomal part of the fusion proteins 
corresponding to the two different sequences from fig. VIII.2. Differences 
are indicated by arrowheads. 
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ABSTRACT 
The human synovial sarcoma-specific translocation t(X;18) results in the fusion of the 
SYT gene on chromosome 18 with either one of the Kriippel-associated box (KRAB) 
containing SSXl or SSX2 genes on the X chromosome, depending on the exact 
location of the breakpoint within band Xpll.2. Screening of a testis cDNA library 
yielded several SSX-positive clones. Subsequent sequence analysis revealed that one 
third of these clones represent an SSX gene that differs from both SSXl and SSX2. 
This novel member of the family of KRAB containing SSX genes, which we 
designated SSX3, is 90% homologous to SSXl and 95% homologous to SSX2 at the 
cDNA level. Somatic cell hybrid analysis indicated that SSX3 maps within 
Xpll.2-»pll.2, the region that also harbors the SSXl and SSX2 genes. However, we 
conclude from our RT-PCR data and from results reported in the literarture that 
SSX3 does not act as a fusion partner to SYT in any of 44 independent synovial 
sarcomas thus far tested. 
INTRODUCTION 
Synovial sarcomas are soft-tissue tumors that occur mainly in adolescents and young 
adults. The chromosomal translocation t(X;18)(pll.2;qll.2) is found in the majority of 
these sarcomas and, as such, is thought to play a causative role in tumor formation (Turc-
Carel et al., 1987). Two distinct chimaeric products have been identified in different 
t(X;18)-positive synovial sarcomas, resulting from the fusion of the SYT gene on 
chromosome 18 to either the SSXl or the SSX2 gene on the X chromosome (Clark et al., 
1994; Leeuw et al., 1994b; 1995; Crew et al., 1995). These alternative fusion products 
have been correlated with different X-chromosomal breakpoints in fluorescence in situ 
hybridization experiments using Xpll.2-specific YACs as probes (Leeuw et al., 1993a; b; 
1994a; Olde Weghuis et al., 1994; Shipley et al., 1994; Janz et al., 1995). Interestingly, 
there appears to be a positive relationship between the occurrence of these alternative X-
chromosomal breakpoints and the most predominant histologic characteristics of the 
tumors, namely, whether they are monophasic or biphasic (Leeuw et al., 1994a; Janz et 
al., 1995). Here, we report the identification and chromosomal localization of a third 
member of the family of Kriippel-associated box containing SSX genes. This gene, 
however, is not implicated in t(X;18)-positive synovial sarcomas. 
MATERIALS AND METHODS 
Library screening and sequence analysis 
The human fibrosarcoma HT1080 (Clontech) and the human testis 5' stretch (Clontech) 
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cDNA libraries were used for screening purposes, using essentially the same standard 
procedures as described before (Leeuw et al., 1993b; Leeuw et al., 1994b). DNA 
sequences were analyzed on an automated DNA sequencer (ABI 373A) using the Taq Dye 
Deoxy Terminator Cycle Sequencing kit (Applied Biosystems). 
Patient material and RT-PCR analysis 
The patient material used in this study included nine synovial sarcomas that were 
extensively analyzed before (Leeuw et al., 1995) and six novel tumors. Diagnosis of these 
latter six tumors as synovial sarcomas was confirmed via a positive SYT-SSX RT-PCR 
score. RT-PCR and subsequent restriction enzyme analyses were performed as described 
previously (Leeuw et al., 1995). 
Southern blot analysis 
DNAs of hybrid and parental cell lines were isolated according to procedures described 
before (Leeuw et al., 1994b); digested to completion with a variety of restriction 
endonucleases (Life Technologies); and, after agarose gel electrophoresis, blotted onto 
Genesereen Plus membranes (Dupont) using standard protocols. Blots were hybridized 
overnight in 0.5 M P0 4 , ImM Na2EDTA and 7% SDS (w/v) at 65°C overnight, washed 
once in 40 mM and 10 mM PCv, 0.1% SDS at 65°C and, lastly, exposed to X-ray film 
(Kodak) at -80 °C for 1-3 days, using intensifying screens. 
RESULTS AND DISCUSSION 
Screening of a human fibrosarcoma cDNA library with a synovial sarcoma-derived SYT-
SSX RT-PCR product (Leeuw et al., 1995), yielded several partial 55X2 fragments. One 
of these fragments was used as a probe to screen a human testis cDNA library, which 
resulted in 15 positive clones. Five of these full length clones (pDR2-30, -33, -34, -36, -
42) were found to lack a BgUl site that is normally present in both the SSXl and 55X2 
cDNAs (Leeuw et al., 1995). Sequencing of these five clones yielded identical results and 
revealed a novel SSX transcript that was significantly different from 55X1 and SSX2 (for 
comparisons see Figure IX. 1). Overall, this novel sequence, which we designated 55X3, 
is 90% homologous to SSXl and 95% homologous to 55X2 at the cDNA level. 
I l l 
SSXl ATGAACGGAG ACGACACCTT TGCAAAGAGA CCCAGGGATG 
SSX2 ATGAACGGAG ACGACaCCTT TGCAAGGAGA CCCACGGTTG 
SSX3 ATGAACGGAG ATGACACCTT TGCAAGGAGA CCCACGGTTG 
SSXl ATGCTAAAQC ATCAGAGAAG AGAAGCAAGG CCTTTGATGA 
SSX2 GTGCTCAAAT ACCAGAGAAG ATCCAAAAGG CCTTCGATGA 
SSX3 GTGCTCAAAT ACCAGAGAAG ATACAAAAGG CCTTCGATGA 
SSXl AATGATTCGA AGGOAGTGTC AGAAGCATCT GGCCCACAAA 
SSX2 AATGATTCGO AGGAAGTGCC AGAAGCATCT GGCCCACCAA 
SSX3 AATGTTTCGA AGGAAGTGCC AGAAGCATCT GGCCCACAAA 
Lspl 
SSXl ACGATGGGAA ACAACTGCAC CCCCCAGGAA AAGCAAATAT 
SSX2 ATGATGGGAA AOAGCTGTGC CCCCCGGGAA AACCAACTAC 
SSX3 ACGATGGGAA ACAGCTGTGC CCCCCGGGAA AACCAACTAC 
Smal 
SSXl TATTGCCACA TACTTCTCTA AGAAAGAGTG GAAAAAGATG 
SSX2 TATTGCCAAA TACTTCTCTA AGGAAGAGTG GGAAAAGATG 
SSX3 TATTGCCAAA TACTTCTCTA AGGAAGAGTG GGAAAAGATG 
SSXl AAATACTCAG AGAAAATCAO CTATGTGTAT ATGAAGAGAA 
SSX2 AAAGCCTCAG AGAAAATCTT CTATGTGTAT ATGAAGAGAA 
SSX3 AAAGTCTCQG AGAAAATCGT CTATGTGTAT ATGAAGAGAA 
SSXl TTCTGAGAAG ATTAATAAGA GATCTGGACC CAAAAGGGGG 
SSX2 CTCTGAGAAG ATTCACGAGA GATCTGGACC CAAAAGGGGG 
SSX3 CTCTGAGAAG ATTAACATGA TATCTGGACC CAAAAGGGGG 
EcoRV/BglII 
SSXl AAACATGCCT GGACCCACAG ACTGCGTGAG AGAAAQCAGC 
SSX2 GAACATGCCT GGACCCACAG ATTGCGTGAG AGAAAACAGC 
SSX3 GAACATGCCT GGACCCACAG ACTGCGTGAG AGAAAACAGC 
SSXl ACTATAAGGC CATGACTAAA CTAGGTTTCA AAGTCACCCT SSXl 
SSX2 AGTATGAGGC TATGACTAAA CTAGGTTTCA AGGCCACCCT SSX2 
SSX3 AGTATGAGGC CATGACTAAA CTAGGTTTCA AGGCCATCCT SSX3 
TGGTGATTTA TGAAGAGATC AGCGACCCTG AGGAAGATGA 
TGGTGATTTA TGAAGAGATC AGCGACCCTG AGGAAGATGA 
TGGTGATTTA TGAAGAGATC AGCGATCCTG AGGAAGATGA 
SSXl CCCACCTTTC ATGTGTAATA AACAGGCCAC AGACTTCCAG 
SSX2 CCCACCTTTC ATGTGTAATA TACGGGCCGA AGACTTCCAG 
SSX3 CCCATCTTTC ATGCGTAATA AACGGGTCAC AGACTTCCAG 
SSXl CGAGTAACTC CCCTGGGGGA TACGACACAT GCCCTTGATG 
SSX2 CGACTAACTC CCCTCAGGGA TACGACACAT GCCCATGATG 
SSX3 TGAGTAACTC CCCTTGGGGA TATGACACAT GCCCATGATG 
SSXl GGGAATGATT TTGATAATGA CCATAACCGC AGGATTCAGG 
SSX2 GGGAATGATT TGGATAATGA CCCTAACCGT GGGAATCAGG 
SSX3 GGGAATGATT TTGATAATGA CCCTAACCGT GGGAATCAGG 
SSXl AGAAGCAGAA CGTGGTGACC TTTCACGAAC ATGGGCATGG 
SSX2 AGAAGCAGAA CGTGGTGACC TTTCACGAAC ATGGGCATGG 
SSX3 AGAAGCAGAA CGTGGTGACC TTTCACGAAC ATGGGCATGG 
SSXl TTGAACATCC TCAGATGACT TTCGGCAGGC TCCACAGAAT SSXl 
SSX2 TTGAACGTCC TCAGATGACT TTCGGCAGGC TCCAGGGAAT SSX2 
SSX3 TTCTACGTCC TCAGATGACT TTCGGCAGGC TCCAGGGAAT SSX3 
CTGCGGCTCC CTCGTCATCA GGTGCATAGC AAGTG 
CTGCGGCTCC CTCGTCATCA GGTGCATAGC AAGTG 
CTGTGGACCC CTCGTCATCA GGTGCATAGC AAGTG 
SSXl CATCCCGAAG ATCATGCCCA AGAAGCCAGC AGAGGACGAA 
SSX2 CTCCCCGAAG ATCATGCCCA AGAAGCCAGC AGAGGAAGGA 
SSX3 CTTCCCGAAG ATCATGCCCA AGAAGCCAGC AGAGGAAGGA 
Ltranalocation breakpoint 
Figure IX.1: The SSA3 cDNA sequence compared to those of SSXl and SSX2. Differences 
are printed in bold. The locations of Bgñl, EcoRV, Smal and Lspl restriction sites are 
indicated. 
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Figure IX.2: Restriction digests of SSX3 testis cDNA clones (BamHl-Xball inserts into 
pDR2) using BamHl/Bglll (lanes 1 to 5) or BamHl/EcoRV (lanes 6 to 10). Lanes 1 and 6: 
pDR2-30; lanes 2 and 7: pDR2-33; lanes 3 and 8: pDR2-34; lanes 4 and 9: pDR2-36; 
lanes 5 and 10: pDR2-42. Lanes M: size marker (100 bp ladder, Life Technologies). The 
600-bp marker band is indicated by an arrow. The asterisks indicates a 1.3 kb 
BamHl/EcoRV vectorband. 
At the position of the Bglll site in SSXl and SSXl (Figures IX. 1 and 2) an EcoRV site is 
found in SSX3 that is not present in SSXl and SSX2. Aside from these differences, SSX2 
shows the same Smal site as SSXl (absent from SSXl) and the same Lspl site as SSX\ 
(absent from SSX2). As a consequence, digestion of SYT-SSX RT-PCR products must 
reveal Bglll and Lsp\ sites in case SSX\ is involved, BgRl and Smal sites in case SSX2 is 
involved, and Smal, Lspl and EcoRV sites in case SSX3 is involved. Previous sequencing 
and restriction enzyme digestion of SYT-SSX RT-PCR products from 9 different synovial 
sarcomas revealed fusion products that contained only SSXl- or 5XY2-derived sequences 
(Leeuw et al., 1995). Digestion of RT-PCR products from 6 additional independent 
synovial sarcomas revealed a Bgñl site and either a Smal or Lspl site, whereas none 
showed an EcoRV site or both Smal and Lspl sites (Figure IX.3). From these results we 




Figure IX.3: Restriction digest of SYT-SSX RT-PCR products from 12 ditterent synovial 
sarcomas with EcoKW (A), BgR\ (B), Lspl (C) and Smal (D). The PCR was performed on 
1 μΐ RT material with SYT (5'CAACAGCAAGATGCATACCA 3') and SSX 
(5'CACTTGCTATGCACCTGATG 3') primers (Leeuw et al., 1995), 1 min. 92°C, 1 min. 
48°C and 3 min. 72°C during 35 cycles. Lanes 1-12 contain RT-PCR material from tumor: 
94-50418, 89-52115, 2374/90, CATC, 88-50654, 243090, Hiss, KN, PTN SSI, 4873/92, 
950501XC and 2214-287, respectively (Leeuw et al., 1993a; 1993b; 1994a; 1994b; 1995; 
Janz et al., 1995; and unpublished cases). Lane M: size marker (100 bp ladder, Life 
Technologies). The 600 bp marker band is indicated by an arrow. 
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Crew et al. (1995) published a series of 29 synovial sarcomas, which showed either a Smal 
site or Lspl site within the SYT-SSX RT-PCR products, but never both sites. They also 
mentioned that only SSXl or SSX2 sequences were encountered. Therefore, we conclude 
that SSX3 is not included in the fusion with SIT in any of the 44 independent synovial 
sarcomas thus far tested. In addition, three synovial sarcomas without any evidence for the 
presence of SYT-SSXl or SYT-SSX2 fusion products were reported (Crew et al., 1995). 
Whether in these cases SSX3 is involved can at present not be excluded with certainty, but 
it should be expected that aberrant SSX transcripts would have been detected by the 
investigators using the highly homologous (95%) SSX2 as a probe. 
1 MNGDDTFAKR PRDDAKASEK RSKAFDDIAT YFSKKEWKKM KYSEKISYVY 
* * *** *** ** * * * * * 
2 MNGDDAFARR PTVGAQIPEK IQKAFDDIAK YFSKEEWEKM KASEKIFYVY 
* * * * 
3 MNGDDTFVRR PTVGAQIPEK IQKAFDDIAK YFSKEEWEKM KVSEKIVYVY 
( KRAB A BOX 
1 MKRNYKAMTK LGFKVTLPPF MCNKQATDFQ GNDFDNDHNR RIQVEHPQMT 
* * * ** * * * ** * 
2 MKRKYEAMTK LGFKATLPPF MCNIRAEDFQ GNDLDNDPNR GNQVERPQMT 
* * * * * * * 
3 MKRKYEGMTK LGFKAILPSF MRNKRVTDFQ GNDLDNDPNR GNQVERPQMT 
) ( KRAB В BOX ) 
1 FGRLHRIIPK <IMPKKPAED ENDSKGVSEA SGPQNDGKQL HPPGKANISE 
*** * * * * * * * *** 
2 FGRLQGISPK <IMPKKPAEE GNDSEEVPEA SGPQNDGKEL CPPGKPTTSE 
* * * * * * 
3 FGRLQGIFPK .IMPKKPAEE GNVSKEVPEA SGPHNDGKQL YPPGKPTTSE 
L
 breakpoint region 
1 KINKRSGPKR GKHAWTHRLR ERKQLVIYEE ISDPEED DE--Stop SSXl 
** * 
2 KIHERSGPKR GEHAWTHRLR ERKQLVIYEE ISDPEED DE--stop SSX2 
*** 
3 KINMISGPKR GEHAWTHRLR ERKQLVIYEE ISDPEED DE--stop SSX3 
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Figure IX.4: (previous page) Amino acid sequences of SSXl, SSX2 and SSX3 (marked 
1, 2 and 3, respectively). Differences as compared to the SSX2 sequence are indicated by 
asterikses. The KRAB boxes are marked with the conserved amino acids in boldface type 
and the semi-conserved amino acids are underlined (modified after Crew et al., 1995). 
Figure IX.4 compares the amino-acid sequences of SSXl, SSX2 and SSX3. It can be 
deduced from this comparison that, at this level, the identity between SSX2 and SSX3 is 
relatively high (90%), except for the Krüppel-associated box В (KRAB В) region, where 
it is only 73%. The overall identity between SSXl and SSX2 is only 76%. Whereas the 
KRAB A domain appears to be involved in repression of transcription, the KRAB В 
domain seems to be dispensable for this particular activity under in vitro conditions 
(Witzgall et al., 1994). It has been suggested that KRAB-containing proteins may exert 
their effects through interactions with transcriptional activators containing a glutamine-
rich activation domain (Licht et al., 1993). As such, the observed differences at the amino 
acid level between the KRAB В domains of SSX2 and SSX3 may give rise to functionally 
different interactions. The exact nature of these putative interactions, however, remains to 
be established. 
The chromosomal localization of the 55X3 gene was established through the analysis of a 
panel of humanxrodent somatic cell hybrids including the X-only line 578 (Sinke et al., 
1993), its radiation reduced derivative 578K17, which contains the Xpll.4-»pll.l 
segment as only human constituent (Berger et al., 1992), and the synovial sarcoma-
derived line Hlsynsarc containing Xpll.2-*qter (Leeuw et al., 1993a). Since 578, 
578K17 and Hlsynsarc exhibit restricion fragments similar to those present in control 
total human genomic DNA that hybridize to our 55X3 cDNA probe (absent in the control 
hamster DNA under the stringency conditions applied; Figure IX.5), we conclude that the 
55X3 gene must reside within the Xpll.2-»pll.l region. 
А В С D E 
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Figure IX.5: (previous page) Southern blot analysis of EcoRl digested somatic cell hybrid 
(578, 578K17, Hlsynsarc; lanes C,D and E, respectively) and control Chinese hamster 
(A3; lane A) and human (HL60; lane B) cell line DNAs. Size markers are deduced from 
a co-electrophoresed 1 kb ladder (BRL). 
This proximal Xp segment contains several low-copy repeats, among which are the OAT-
Like sequences (Sinke et al., 1993; Leeuw et al., 1994a). Interestingly, 55X1 is positioned 
precisely within the OAJLl cluster (Leeuw et al., 1993a). The identification of yet 
another 55X4 gene (55X3) in Xpll.2-»pll.l is in full agreement with the repeated nature 
of this particular chromosomal segment (Lafreniere et al., 1991). Since 55X1 and 55X2 
are functional, expressed genes containing intronic sequences (unpublished data), they do 
not seem to have arisen by reversed transcription. In this respect they are different from, 
for example, the interspersed OAT-Like sequences, some of which have been reported to 
be processed pseudogenes (Lafreniere et al., 1991; Geraghty et al., 1993). It has been 
hypothesized before that the ОА1Ы and OATL2 clusters may have evolved via a 
duplication event of the entire region (Shipley et al., 1994). Our present results indicate 
that during the course of evolution several of these duplication events must have occurred 
within this particular genomic segment. 
In addition to the 55X3 gene reported here, we have evidence for the existence of at least 
two other 55X-like genes. The first one, designated 55X4, was found after RT-PCR with 
two 55X internal primers on RNA extracted from a primary human fibrosarcoma. 
Preliminary sequence data indicate that this gene may give rise to a protein truncated just 
after the KRAB A box. The second one, 55X5, was detected via the presence of an exon 
in one of our OATL1 YAC-derived cosmids (Leeuw et al., 1993b). This exon shows 
between 80 and 90% basepair homology to the corresponding exons in 55X1, 55X2, 55X3 
and 55X4. Whether 55X4 and 55X5 actually represent functional genes still remains to be 
established. The possible involvement of any of these novel SSX sequences in the 
development of other neoplastic disorders carrying X-autosome translocations, such as 
renal cell carcinomas (Sinke et al., 1993; Dijkhuizen et al., 1995), is currently under 
investigation. 
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CHAPTER Χ 
GENERAL DISCUSSION AND FUTURE PROSPECTS 
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In this thesis the isolation of the t(X;18)(pll.2;qll.2) chromosomal breakpoint, 
characteristic of synovial sarcoma, is described. In the course of these studies we found 
that two alternative X-chromosomal breakpoints may occur. The presence of these 
alternative breakpoints appears to be associated with different histologic tumor (sub)types 
(monophasic versus biphasic). The genes which are affected by these two translocations, 
SYT (chromosome 18), 55X7 and SSX2 (X chromosome), and the corresponding fusion 
products SYT-SSX1 and SYT-SSX2, respectively, were isolated and characterized. These 
findings may have implications both for clinical (diagnostic) applications and for our 
understanding of the molecular processes underlying synovial sarcoma development. 
X.l Implications for diagnosis 
New molecular genetic tools for the diagnosis of synovial sarcoma at both the genomic 
(DNA) and the expression (RNA) level have been developed. 
Diagnosis at the DNA level 
The detection of t(X;18) in tumor samples using OATL1- and OATL2-specific YAC 
probes for (metaphase and interphase) fluorescence in situ hybridization (FISH) has 
opened up the possibility to establish and/or confirm the diagnosis synovial sarcoma at the 
molecular level. In addition, a distinction can be made between two alternative X-
chromosomal breakpoints that may be involved in the translocation. Several examples of 
such FISH diagnoses are presented in chapters III, IV, V and VI. The detection of the 
(X;18) translocation in tumor samples through Southern blot analysis is based on the 
presence of aberrant restriction fragments. Whether such fragments can be detected 
depends on the exact location of the chromosomal breakpoints and the availability of 
suitable probes to detect these breakpoints. Diagnosis based on changed restriction 
fragment sizes detected by X chromosomal probes is hampered by the repetitive nature of 
the regions involved (chapters IV and VII). Sofar, no single copy X-chromosomal 
breakpoint probes could be found. The high number of bands detected simultaneously 
with the available probes increases the risk that aberrant restriction fragments may 
colocalizes- with other (normal) fragments. Also, the origin of the aberrant fragments 
(SSX1 or 55X2) cannot easily be determined. However, it should not be excluded that via 
further analysis of the SSX genes, probes can be devised that will reveal less complicated 
hybridization patterns. Figure X.l shows a preliminary physical map of part of the human 
5IT gene (chromosome 18) and the location of a number of translocation breakpoints as 
we encountered them in our synovial sarcoma tumor samples (arrows). The size of the 
SYT intron in which most of the breakpoints occur has been estimated to exceed 50 kb 
(Clark et al, 1994). Again, this hampers the feasability and reliability of synovial sarcoma 
diagnosis through Southern blot analysis. Another disadvantage of SYT analysis is that no 
distinctions can be made between the two different X-chromosomal breakpoints and the 
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Figure X.l: Preliminary physical map of part of the the SYT gene as present in cosmid 
38B3, including the positions of the chromosomal breakpoints in synovial sarcoma 
samples 2930-90, T91-1283, 1705-88, KN, Hlsynsarc and MR (arrows). 
Diagnosis at the RNA level 
Diagnosis at the gene expression (mRNA) level can be performed using conventional 
Northern blotting (Figure X.2) or more advanced RT-PCR procedures. 




Figure X.2: (previous page) Northern blot analysis of soft tissue tumors with a SIT 
cDNA probe. In all lanes an approximately 4 kb band is seen, corresponding to the 
normal SJTmRNA. In cases of synovial sarcoma (lanes 1, 2, 3) an additional band of 2.4 
kb is seen which corresponds to the chimaeric SYT-SSX mRNA as demonstrated by 
hybridization to an SSX cDNA probe (not shown). This 2.4 kb. band is absent in t(X;18) 
negative control samples (lanes 4, 5, 6). The synovial sarcoma-specific chimaeric mRNA 
may remain undetected in case the ratio tumor/normal cells in a given tissue sample is 
low. From the experiment shown here we conclude that the amount of tumor cells has to 
be less than 50% to remain undetected, since the 4.5 kb. SYT signal in lane 6, containing 
half the amount of RNA compared to the other lanes, is still visible. 
In this thesis various examples have been provided for the use of RT-PCR in the 
diagnosis of synovial sarcoma (chapters VIII and IX). This method is rapid, sensitive and 
reliable and, in addition, provides the possibility to distinguish between the two 
alternative X-chromosomal translocation breakpoints. To confirm that no (as yet 
unknown) alternative SYT fusion products are present, an additional Northern blot and 
concommittant SYT cDNA probe hybridization is recommended. Sofar, no discrepancies 
have been found between diagnoses based on the hybridization of Northern blots to SYT 
and SSX cDNA probes or the analysis of RNA samples via SYT-SSX RT-PCR. In 
addition, all SYT-SSX RT-PCR positive synovial sarcomas were found to contain either 
SYT-SSX1 or SYT-SSX2 fusion products. Since Northern blotting procedures are time-
consuming and require relatively large amounts of RNA, it is expected that the RT-PCR 
procedure will eventually be the preferred method (see also Ladanyi, 1995). 
The detection of the t(X;18) through FISH, Southern blotting, Northern blotting and/or 
RT-PCR has opened up the possibility to substitute for or confirm cytogenetic diagnosis 
whenever this presents problems, for instance when the tumor cells cannot be cultered or 
when complex cytogenetic abnormalities are present. Examples of such diagnoses are 
provided in chapters III, VI and IX, respectively. Especially when histologic diagnosis 
unexpectedly indicates that a tumor might be a synovial sarcoma, molecular genetic 
t(X;18) detection can be useful, as exemplified by two recent cases of presumed 
rhabdomyosarcoma one of which turned out to be a synovial sarcoma (results not shown). 
The suggested correlation between alternative Xpll.2 breakpoints and tumor phenotypes 
(monophasic versus biphasic; chapter V) has been corroborated by some but not all 
reports by other investgators (Crew et al, 1995; Renwick et al, 1995; Shipley et al, 
1996). As explained in chapter I, a clearcut histologic distinction between monophasic and 
biphasic synovial sarcomas is difficult to make. Therefore, an adequate validation of 
results from the different research groups is problematic. However, with the novel data at 
hand, it would probably be more interesting to turn the question around and find out 
whether relevant correlations can be made between the two molecularly defined tumor 
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groups and clinical parameters such as prognosis and/or treatment response, as has e.g. 
amply been demonstrated for leukemia subtypes carrying different fusion genes 
(Hashimoto et al, 1995). 
Since RT-PCR can be very sensitive, in some cases able to detect one tumor cell among 
106 normal cells (Huang et al, 1995), this novel detection method may in the future also 
be used for the detection of small numbers of synovial sarcoma cells (Viniou et al, 1995), 
for example in adjacent tissues (local recurrence), regional lymph nodes (25% of 
metastases may occur in regional lymph nodes; Haagensen and Stout, 1944) or among 
circulating blood or bone marrow cells (blood born metastases). 
X.2 Molecular mechanisms underlying synovial sarcoma development 
The normal function ofSYT 
The SYT gene appears to be well conserved during evolution. This indicates that its 
encoded protein may perform an essential function within cells. The nature of this 
function remains to be determined, however, since sofar no strong homologies have been 
found with other proteins. Still, several characteristics of the deduced amino acid 
sequence are suggestive for a role in cellular signalling processes (figure X.3). 
Human SYT 
synovial sarcoma translocation breakpoints 
| potential Grb2-SH2-binding domain 
I potential PI3-K-SH2-binding domain 
g potential Abl-SH3-binding domain 
π repeats as in Annexin VII 
Figure X.3: Schematic representation of the putative functional domains in SIT. The SYT 
cDNA is represented by a black line, whereas the open reading frame is depicted as a 
striped box containing the distinguished domains. 
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First, SYT was found to be rich in glutamines (19%), prolines (16%) and glycines (14%). 
Since transcriptional activator proteins may have glutamine-rich or glycine-rich activation 
domains, it has been suggested (Rabbits, 1994) that SYT may act as a transcription 
factor. Different subclasses of transcription factors can be distinguished based on the 
presence of glutamine- and glycine-rich activation domains (Licht et al, 1993). In 
addition, transcription factors often contain DNA binding domains. Such DNA-binding 
domains have not been found in SYT. Not only nuclear transcription factors, but also 
cytoskeletal proteins may contain proline- or glutamine-rich regions. Therefore, it remains 
unclear whether SYT may act as a transcription factor based on these amino acid 
characteristics. The presence of one potential SRC-homology 3 (SH3-) and three potential 
SH2-binding domains in the SYT protein was first reported by Clark et al (1994). The 
presence of a potential SH3-binding domain, (PTQPGPPQPP, amino acids 378-387), 
partly accounts for the proline-richness of SYT. SH3 domains are known to bind 
preferentially to proline-rich stretches (Feng et al, 1994; Alexandropoulos et al, 1995) and 
are found in several proteins involved in signal transduction, including membrane receptor 
tyrosine kinases, PI3-K, GRB-2, PLCr and non-receptor tyrosine kinases (for example 
SRC itself), but also in cytoskeletal proteins (myosin IB, fodrin and ABP-1, an actin-
binding protein in yeast) (Pawson and Schlessinger, 1993). Interactions mediated by SH3 
domains may affect the subcellular localization of proteins, as has been shown for GRB-2 
localization at membrane ruffles and PLCT localization at actin skeleton sites (Bar-Sagi et 
al, 1993). Although the SH3-binding domain consensus sequence only requires 2 or 3 
prolines at a specific relative distance, the domain found in SYT (shifted one amino acid 
compared to the one reported by Clark et al, 1994), RPTQPGPPQP (amino acid 377-
386), resembles most closely the domains specific for binding to ABL class I ligands, 
namely XPXXXPXXP (Alexandropoulos et al, 1995). The only amino acid in this peptide 
which has sofar not been found in any (in vitro) ABL-SII3 binding proline-rich peptide is 
the (hydrophobic) G at position 382 (Alexandropoulos et al, 1995), where a hydrophobic 
residue would be expected. Although it is by no means sure that SYT binds to an ABL 
class I ligand, the possibility is interesting since the SH3 domain of ABL itself plays a 
key role in downregulating the oncogenic potential of this protein (Hoffman, 1991; Welch 
and Wang, 1993; Cichetti et al, 1995). 
Besides a potential SH3-binding domain in SYT, the presence of three potential SH2-
binding domains has also been reported (Clark et al, 1994). SH2-binding domains are 
present in many proteins involved in signal transduction cascades. Such proteins often 
carry (an) SH3-binding domain(s) as well. Just like SH3-binding domains, SH2-binding 
domains are thought to play a role(s) in protein-protein interactions. However, instead of 
binding proline-rich sequences, they bind to sequences containing a phosphorylated 
tyrosine. Regulation of binding by SH2 domains is, therefore, mediated by tyrosine 
phosphorylation. Like SH3-binding domains, SH2-binding domains exhibit different 
specificities for different ligands. SYT was reported to contain a phosphatidylinositol 3-
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kinase-SH2 (PI3-K-SH2) binding domain with a tyrosine phosphorylation site at position 
67 (YXXM) (Booker et al, 1993; Clark et al, 1994; Yu et al, 1994; Ladbury et al, 1995). 
PI3-K was first discovered via an inositol kinase activity associated with the polyoma 
virus middle Τ protein. This association was found to be tightly correlated with the 
transforming ability of the virus (Cantley et al, 1991). Later it was discovered that PI3-K 
can be associated with many tyrosine kinases, receptor or non-receptor type, upon 
phosphorylation (Cantley et al, 1991; Koyama et al, 1993; Downward, 1995; Hu et al, 
1995; Savitsky et al, 1995). Besides binding to tyrosine kinases, like for instance 
PDGFRß (Bowen-Pope et al, 1991), PI3-K has been reported to play a role in apoptotic 
responses to growth factor deprivations (Yao and Cooper, 1995) and the adhesion of bone 
marrow-derived mast cells to fibronectin (Serve et al, 1995). It has been suggested that 
the favored consensus binding site binding to PI3-K-SH2 domains in vivo is 
{Y(M/V)(D/E/P)M} (Pawson and Schlessinger, 1993; Songyang et al, 1993) which does 
not fit with the sequence encountered in SYT (YQQM). However, also other PI3-K-SH2-
binding sites may exist (Cantly et al, 1991; Songyang et al, 1993). None of those 
reported sofar contains a glutamine (Q). Therefore, it still remains to be established 
whether PI3-K really binds to phosphorylated SYT in vivo. SYT was also found to 
contain two potential GRB-2-SH2 binding domains (YXNX; Pawson and Schlessinger, 
1993). GRB-2 plays a role in tyrosine kinase signalling pathways. A well known example 
of its function is connecting the tyrosine kinase signal to the RAS pathway (figure X.4) 
(Sternberg, 1991; Sprague, 1991; Simon et al, 1991; Kazlauskas, 1994; Kayne and 
Sternberg, 1995; Dickson, 1995). GRB-2 contains one SH2 and two SH3 domains in the 
order: SH3-SH2-SH3 (Maignan et al, 1995). It can bind via its SH2 domain to tyrosine 
phosphorylated proteins such as EGFR and IRS-1 (Shilo and Raz, 1991; Kazlauskas, 
1994). Via both SH3 domains GRB-2 is known to bind to SOS, a protein releasing GDP 
from RAS which, in turn, leads to the accumulation of active (GTP-bound) RAS. 
Mechanisms leading to RAS activation may result in the proliferation of cells (Lowy et al, 
1991; McCormick, 1994, 1995; Hall et al, 1995; Indolii et al, 1995; Renshaw et al, 
1996). If SYT were to bind GRB-2 proteins via the SH2 binding domains, this would 
replace binding to the tyrosine phosphorylated (active) kinase. What the effect of this may 
be is not clear. SRC was reported to be able to play an additional role in tyrosine-kinase 
receptor-GRB-2-SOS complex formation, interacting with the N-terminal and not the C-
terminal SH3 domain of GRB-2 (Xie et al, 1995; Goga et al, 1995). This may render the 
SH2-domain of GRB-2 available for other interactions (Nobes and Hall, 1994; Ridley, 
1995). 
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Figure X.4: Simplified schematic representation of the RAS pathway (after Kazlauskas, 
1994). Grb2= Growth factor receptor binding protein 2; Sos= Son of sevenless; Ras= 
Rous avian sarcoma protein; Raf= Ras activated factor. 
However, again the potential SYT SH2 ligands (YPNY and YGNY) do not match the 
more refined consensus sequence reported by Schlessinger (1994), {Y(I/V)NX}. Whether 
actual binding occurs still has to be established. Another problem with the potential GRB-
2 SH2 binding domains of SYT is that no consensus sites for tyrosine phosphorylation 
have been found. Phosphorylation of tyrosine appears to be crucial for SH2 binding 
(Pawson and Schlessinger, 1993). 
Finally, four GYP(P)Q(Q) repeats (Döring et al, 1991) were identified in the mouse 
homolog of SYT (de Bruijn et al., 1996). Five of these repeats are also present in human 
SYT at amino acid positions 324-329, 330-335, 337-342, 343-348 and 350-355 as 
indicated by Clark et al (1994), or amino acids 306-312, 313-318, 320-325, 326-331 and 
333-338 calculated from the first methionine. Similar repeats have been found in Synexin, 
a Ca2+ ion channel causing vesicle fusion under certain Ca2+ concentration conditions 
(Burns et al, 1989). These repeats characteristically contain many prolines, glutamines 
and glycines which partly accounts for the prevalence of these amino acids in SYT. The 
possible function of these domains remains unclear. They do not seem to be involved in 
Ca2+ and/or membrane binding. It has been suggested, however, that they may play a 
role in protein-protein interactions (Döring et al, 1991), possibly involving similar 
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proteins as the ones that bind to Synexin. 
In conclusion, there are several indications that the SYT protein may play a role in 
cellular signalling, possibly via binding to SH2 and SH3 domains of proteins like ABL, 
PI3-K and/or GRB-2. These latter proteins play crucial role(s) in the regulation of cellular 
growth and differentiation processes. As such, they may also be relevant for synovial 
sarcoma development. 
The normal function of SSX 
Speculations about the possible function(s) of the SSX proteins are mainly based on the 
finding that they contain Kriippel-associated box (KRAB) consensus sequences (22% 
identity over 35 amino acids) (Crew et al, 1995). Indications have been found that KRAB 
sequences may play a role in the repression of transcription when tethered to the DNA 
(Licht et al, 1993; Chen et al, 1993; Pengue and Lania, 1996). KRABs have been found 
in a series of zinc-finger containing genes (Bellefroid et al, 1991). The Drosophila gene 
Krüppel is the best characterized member of this family (Abmayr et al, 1995). The 
Krüppel protein binds via its RING finger domain (Haupt et al, 1993) to basal promotor 
elements of genes, as e.g. the stripe 2 element of the Drosophila gene eve, a gene which 
plays an important role in Drosophila segmentation. Several other KRAB containing 
proteins, as e.g. Znf7 and Znf8, Zfp-1, Xfin, Hpf4, HtflO, Htf34 and Kidl (Bellefroid et 
al, 1991; Witzgall et al, 1994), are also thought to play important role(s) in the regulation 
of cellular differentiation. KRAB A and KRAB В domains appear to act independently 
and may be seperated by spacers of variable length. Usually, the two domains are 
encoded by seperate exons (Bellefroid et al, 1991). In some KRAB-containing proteins 
only one of the domains is conserved (Htf6 lacks KRAB A, whereas Htfl and Htfl2 lack 
KRAB В; Bellefroid et al, 1991). The KRAB domains are rich in charged amino acids 
and are thought to fold into amphiphilic α-helixes in regions of high conservation 
(Bellefroid et al, 1991). CAT assays have shown that the repression activity of Krüppel is 
localized in the KRAB A domain (Witzgall et al, 1994). For the repression to occur, it is 
necessary that the KRAB A domain is tethered to the DNA (Licht et al, 1993; Witzgall et 
al, 1994; Margolin et al, 1994; Pengue and Lania, 1996). As yet, no putative DNA 
binding region has been found in SSX. Therefore, the question arises whether and how 
such repression activity by SSX could take effect. One possibility would be that the 
protein binds to DNA by a sofar unrecognized DNA binding domain or that it is tethered 
to the DNA via protein-protein interactions. It has been suggested that the repressing 
effect of Krüppel is mediated by direct interactions of KRAB (and especially of the a-
helical region with one face consisting of multiple glutamines) with transcriptional 
activators of the glutamine-rich type, like SPI (Licht et al, 1993). No repression was seen 
with transcriptional activators of the acidic type, like GAL-4. This could imply that the 
genes putatively regulated by SSX may also be regulated by glutamine-rich activators. 
The sequence similarities and differences between the various SSX genes are indicative for 
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the presence of several functional domains within the encoded proteins. When comparing 
SSX2 and SSX3, the potential KRAB В domains are strikingly less conserved (6 
differences in 22 amino acids) than the overall peptide sequences. This indicates that 
SSX2 and SSX3 may (inter-) act differently. The SSX4 gene encodes a putative protein 
that is truncated directly 3' of the KRAB A domain. If this predicted protein is functional, 
this would imply that KRAB A may act independently of KRAB В and the C-terminal 
part of the SSX protein. Other potentially relevant domains in the SSX proteins, as 
revealed by sequence comparison, are encoded by two exons 3' of the t(X;18) breakpoint 
region. The first of these two exons is relatively less well conserved, pointing to potential 
functional differences between the SSX proteins at this site. The last SSX exon is most 
conserved between SSX1, SSX2 and SSX3. This may be indicative for a function that is 
shared by the encoded peptides. It is of interest to note that also the 3' untranslated 
regions are relatively well conserved between the SSX1, SSX2 and SSX3 genes. Both 5' 
and 3' untranslated regions may play a role(s) in the control over mRNA translation and 
stability (Sonenberg, 1994; Ferrandon et al, 1994). Wightman et al (1993) found that the 
translation of the lin-14 gene in C. elegans is regulated by small untranslated RNAs 
which bind to untranslated regions of the lin-14 mRNA. Although no differences in the 
mRNA levels are detected, different amounts of protein can be produced as a result of 
this binding. Such a mechanism may also be at work in humans, i.e., a tumor supressor 
effect has been observed for the untranslated regions of α-tropomyosin (Rastinejad et al, 
1993). Also for the Krüppel gene post-transcription regulation has been reported (Gaul et 
al, 1987). Such potential regulatory mechanisms can be evaluated further when specific 
antibodies against the different SSX proteins are available. 
SSX expression was only found in adult thymus and testis, next to some tumor cell lines 
(Crew et al, 1995; our own unpublished results) and, therefore, seems to be highly 
restricted. This pattern shows similarities with the one found for human ERG (Dhordain 
et al, 1995), an ETS-related gene involved in fusions either to TLS/FUS in myeloid 
leukemia (Shimizu et al, 1993; Sorensen et al, 1994) or to EWS in Ewing's 
sarcoma/PNET (Zucman et al, 1993). It is possible that, like for chicken erg and ets-
family members (Dhordain et al, 1995), SSXl, SSX2 and other SSX family members may 
exhibit specific expression patterns at different developmental stages. In chicken embryos 
erg expression is found to be specifically associated with precartilagenous condensation 
and chondrogenesis preceding bone formation (Dhordain et al, 1995). It has already been 
described by Cadman et al (1965) that in 32% of synovial sarcomas foci of calcification 
were detected and that in some instances even bone formation was observed in association 
with calcification. These observations suggest a similar histogenic origin for both tumor 
types. 
In conclusion, the best option for a function of the SSX proteins may be transcriptional 
and/or developmental regulation. 
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X.3 Malignant transformation by SYT-SSX fusion proteins: a hypothesis 
SYT appears to be a widely expressed, evolutionary well conserved gene. In synovial 
sarcomas the normal homolog on chromosome 18 is rarely lost (Sandberg, 1994), so its 
deletion does not seem to be advantageous for tumor formation. This implies that 
chimaeric SYT may represent an oncogene rather than an inactivated tumor suppressor 
gene. The fact that sofar SYT has only been found to be rearranged in synovial sarcomas 
may imply a special sensitivity of the synovial sarcoma precursor cells to transformation 
through mechanistic pathway(s) in which the SYT protein is involved. Signal transduction 
pathways in which SYT has been hypothesized to play a role, like the PI3-K and RAS 
pathways (figure X.4), would fit this picture well. Two major SYT-SSX fusion products 
have been found in synovial sarcomas. In both cases the C-terminal 8 amino acids of 
SYT, containing one of the potential GRB-2-SH2 binding sites, are absent. However, we 
have found one aberrant fusion product with a breakpoint halfway the last GYP(P)Q(Q) 
repeat, resulting in loss of both potential SH2- and SH3-binding domains (Chapter IX; 
figure X.5). This indicates that specific functional characteristics of this C-terminal part 
of SYT may have to be disturbed in order to gain oncogenic capacity. 
If under normal circumstances the (SH2-SH3-)SH2-binding domain negatively regulates 
SYT function (e.g. PI3-K binding), a constitutively activated SYT could be formed via 
SYT-SSX fusion. Deletion of SH2- and/or SH3-binding domains is known to play a role 
in the gain of oncogenic potential, a classic example of which is the activation of tyrosine 
kinase receptors by means of head-to-tail self association which is regulated by SH2-
binding of a phosphorylated tyrosine (Cantley et al, 1991; Rodrigues and Park, 1994). 
synovial sarcoma translocation breakpoints 
KRAB domain | potential Abl-SH3-binding domain 
potential Grb2-SH2-binding domain у repeats as in Annexin VII 
potential PI3-K-SH2-binding domain 
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Figure X.5: (previous page) Schematic representation of SYT cDNA, SSX cDNA and 3 
different synovial sarcoma fusion proteins found. Putative functional domains are marked. 
Oncogenic tyrosine kinase receptors have often lost the specific phosphorylatable tyrosine, 
thereby losing the SH2-binding domain normally regulating their activity. Also, deletion 
of SH3-binding domains has been reported to result in oncogenic activation (Wang et al, 
1995). As SH2- and SH3-binding domains mediate protein-protein interactions, it can be 
argued that loss of such domain(s) may result in an abnormal subcellular localization 
(Hunt, 1989). Suggestions of such activity changes in SH2- and SH3-binding domains 
associated with relocalization have been made more than once (Marais et al, 1995; 
Mochly-Rosen, 1995), e.g. for GRB2 (Bar-Sagi et al, 1993) and PDGFRß (Kazlauskas, 
1994). However, actual proof for this mechanism has not been provided sofar. The only 
indication for a role which the remaining N-terminal part of SYT may play in the fusion 
protein implies PI3-K-SH2 binding or GYP(P)Q(Q) repeat functionality. 
The normal SSX gene is not expressed at a detectable level in synovial sarcoma cells, nor 
is the reciprocal SSX-SYT translocation product (unpublished observations). Absence of 
the normal SSX gene (in case of males) or X-inactivation (in case of females) may explain 
the absence of a normal SSX mRNA in tumors, but not the absence of the SSX-SYT gene 
product transcribed via a presumed active SSX promotor. Therefore, it must be assumed 
that the SSX domain downstream from the breakpoint in t(X;18)-positive cells is 
expressed in a context where it normally is not, or that the SSX promotor is silenced upon 
expression of the SYT-SSX fusion protein. The KRAB domains of SSX are excluded 
from the SYT-SSX fusion proteins. KRAB containing proteins may play a crucial role(s) 
in cellular differentiation processes, probably by transcriptional repression via the KRAB 
A domain when tethered to the DNA. Therefore, it may be assumed that another part of 
SSX provides the DNA binding capacity. Just like in other KRAB containing proteins, the 
C-terminal part of the protein may play such a role, either via protein-protein interactions 
or via direct DNA binding. Therefore, a possible function performed by the C-terminal 
part of SSX may be to bring the fusion protein in contact with the DNA. The fusion 
protein may, therefore, be tethered to SSX-binding sequences located in the promotor 
regions of specific genes. Since during normal differentiation other proteins may bind at 
these sites, fusion protein binding will undoubtly interfere with these normal processes. It 
may even be possible that the SYT part of the SYT-SSX fusion protein, being rich in 
glutamines and glycines, functions as a transcription activator under circumstances where 
normally the KRAB sequences would have mediated transcriptional repression. 
Accordingly, a relatively simple model for malignant transformation by SYT-SSX fusion 
proteins would be as follows (figure X.6). In a normal situation (panel A) the SSX 
protein can bind to the DNA (either directly or via protein-protein interaction) near the 
gene(s) it normally regulates. Due to the presence of the KRAB domain, transcription is 
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repressed. Whether the cell differentiates or continues to devide may depend on a 
presumed balance between repressing and activating factors. Panel В depicts the synovial 
sarcoma situation in which the SYT-SSX fusion gene is expressed. DNA binding of the 
fusion protein may have two different consequences. First, transcription may be repressed 
more thoroughly than in normal cells (Bl), for instance due to steric hindrance of the 
SYT part of the fusion protein (and/or SYT-associated proteins) or due to the fact that 
normally no SSX expression would have taken place. Second, transcription may be 
enhanced due to for instance binding of the SYT glutamine-rich domain (or proteins 
bound to SYT) (B2). 
In both cases a dividing cell may arise that no longer responds to normal differentiation 
and/or growth regulating signals, resulting in an accumulation of less differentiated cells. 
Normally, cells like this would end up dying due to e.g. lack of sufficient amounts of 
(growth) factors necessary for survival (Evan et al, 1992). For a full blown synovial 
sarcoma to occur, therefore, such mechanisms should be eliminated as well. Oncogenic 
activation of SYT, due to fusion protein formation, might interfere with these regulatory 
mechanisms, possibly involving PI3-K action and/or vesicle formation, analogous to 
processes in which Synexin is involved. 
DNA = £ 2 3 = 
TRANSCRIPTION w INHIBITION 
0 > REGULATED DIFFERENTIATION 
B1 B2 
INHIBITION w TRANSCRIPTION 
C > INHIBITION OF DIFFERENTIATION 
=3 -RNA polymerase 
ES -Transcription factor(s) 
Ш -SSX1 or 2 
S-SYT 
В -hypothetical SSX-blnding protein 
P 3 -hypothetical SSX regulatory element. 
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Figure Χ. 6: (previous page) Model depicting possible working mechanisms of SYT-SSX 
fusion proteins. Panel A: normal SSX mediated inhibition of transcription, leading to 
cellular signalling responsive differentiation rate. Panel Bl and B2: alternative 
mechanisms by which a fusion protein could change the transcription rate of SSX-
regulated genes, leading to a net shift in the differentiation/division rate towards cell 
division. 
Interestingly, another gene (PLZF) homologous to Krüppel has been found to be involved 
in tumor-specific translocation products. Fusion of PLZF to the retinole acid receptor-α 
(RARa) gene in rare cases of t(ll;17)-positive acute promyelocytic leukemia results in 
loss of the KRAB domain (Chen et al, 1993), similar to SYT-SSX in t(X;18) synovial 
sarcomas. Retinoic acid (RA) signalling, mediated by its receptors, plays an important 
role in the differentiation of myeloid progenitor cells (Breitman et al, 1981; Collins et al, 
1990; Cianetti et al, 1990). In case of standard PML-RARa gene fusions in t(15;17)-
positive acute promyelocytic leukemias, it has been found that reallocation of both fusion 
products and the proteins bound to them plays an essential role in malignant 
transformation (Weis et al, 1994; Dyck et al, 1994). Upon administration of (overdoses) 
retinoic acid, the normal distribution is resumed and the cells start terminal differentiation 
again (Dyck et al, 1994; Weis et al, 1994; Chen et al, 1995). A similar reallocation effect 
can be expected in case of PLZF-RARa fusion, since the PLZF-part of the chimeric 
protein contains a similar RING-finger type zinc-finger domain as PML and Krüppel. 
Analogous to PLZF the C-terminal domain of SSX, which is probably necessary to 
arrange tethering to the DNA, is retained in the fusion protein and can be expected to 
play a similar role in subcellular (re-) allocation processes. 
To address the question how the SYT-SSX 1 and SYT-SSX2 fusion products may result in 
different histologic tumor phenotypes, we have to assume differences in their functions. 
This notion seems to be supported by the finding that the SSX genes are expressed 
independently. In addition, sequence differences between SSX1 and SSX2 are found both 
in the KRAB domains and in the regions just 3' of the breakpoint. These KRAB domains, 
however, are excluded from the fusion products. Therefore, potential differences in the 
effects of SYT-SSX 1 and SYT-SSX2 fusion proteins can only be attributed to differences 
between the SSX1 and SSX2 protein regions 3' of the breakpoint. In these regions the 
differences appear to be restricted to the first juxtaposed exon, from the breakpoint untili 
just after the Bglll site at position 553 (see chapter IX). If the assumption that the C-
terminal domain is implicated in the establishment of contact between SSX and the DNA 
is true, the differences in function between SSX1 and SSX2 could include different 
protein-protein or protein-DNA interactions, e.g. by defining the set of developmental 
genes subject to KRAB domain-mediated inhibition. In this case it may be assumed that 
the result of such differences would be a (slightly) different phenotype of the tumor, 
resulting from an interruption at a distinct stage of cellular differentiation. Since the 
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differences between the two tumor types are gradual (monophasic versus triphasic; see 
chapter V), it seems unlikely that the SSX proteins affect differentiation programs in 
independent cellular lineages. If indeed different SSX proteins act at different stages of 
differentiation in a single cell lineage, this should be reflected by the spatio-temporal 
expression patterns of these genes. Alternatively, differences between SSX proteins could 
result in a difference in the potential to compete for binding to a similar set of regulatory. 
elements present in developmental^ important genes. This would imply that the 
differences in binding capacities of the respective SYT-SSX proteins could influence the 
extent to which cellular differentiation is blocked which, in turn, could result in the 
observed blurring of the strict histologic boundaries between the two synovial sarcoma 
subgroups. 
X.4 Future prospects 
Chimearic genes and gene products which define synovial sarcoma have been discovered. 
Further analysis of the normal functions of the contributing genes, and the disturbance of 
these functions in case of fusion, will lead to a better understanding of tumor formation in 
general and synovial sarcoma development in particular. Here, I will address the main 
questions concerning the functions of SYT and SSX which have come forward in chapter 
X and suggest ways to investigate them. 
As yet, it remains to be proven that the SYT-SSX fusion proteins are indeed able to 
transform cells. A well established assay for this is the introduction of the fusion genes 
into non-tumorigenic cells, e.g. Rat-1 or NIH-3T3 (Lazaris-Karatzas et al, 1990), and to 
monitor the resulting growth characteristics. Tumorigenicity in vivo can be tested via the 
generation of SYT-SSX transgenic mice. Furthermore, a truncated version of SYT with a 
nuclear localization signal could mimic the effect of (constitutively activated) SYT in the 
nucleus, for instance in transgenic mice containing one or two normal SYT alleles. Such 
experiments may provide clues to additional steps that may be necessary for full blown 
tumor formation. Furthermore, they may shed light on the specificity of the fusion 
products and the separate fusion partners in synovial sarcoma development. 
Analysis of the spatio-temporal expression patterns of the SYT and SSX genes during 
(embryonic) development may provide clues about the roles of these genes during normal 
growth and differentiation processes. This may be achieved by coupling the promoter 
regions of the respective genes to reporter genes like LacZ, mRNA in situ hybridizations 
or detection of the proteins by antibodies. Similarly, the subcellular localizations of the 
SYT, SSX and SYT-SSX proteins can be established. In case the fusion products exhibit 
different subcellular localizations compared to either the normal SYT or SSX gene 
products, antibody detection may also be applicable to the diagnosis of synovial sarcoma. 
In order to get additional information about the normal functions of SYT and SSX, loss of 
function analyses may be performed via gene knock outs in experimental animals. In 
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addition, it will be of interest to investigate what factors may bind to SYT and/or SSX 
using for instance the recently developed yeast-two-hybrid system (Fields and Song, 1989; 
Miki et al, 1991; Gossen and Bujard, 1992; Zervos et al, 1993; Wang et al, 1994; 1996). 
The complexing proteins that can be found via this system may shed further light on the 
(signalling) pathways in which SYT an SSX may be involved. 
Although it is difficult to take the step from fundamental research to possible applications 
for treatment, I would like to point out one of the findings which may be relevant for 
devicing such strategies: the expression patterns of the SSX genes. Sofar SSX gene 
products were found to be limited to only a few normal adult tissues (testis and thyroid), 
next to some tumor cell lines. The SSX segment 3' of the t(X;18) breakpoint is expressed 
in synovial sarcomas, whereas the normal SSX product is absent in these tumors. This 
opens up possibilities for synovial sarcoma treatment based on the identification of the 
SSX-C-terminus by the immune system, analogous to MAGE antigens in other tumors 
(Russo et al, 1995; Shichijo et al, 1995). In this context it is worthy of note that recent 
data base searches revealed that SSX2 is identical to the melanoma-associated antigen 
MEL40 (Sahin et al, 1995; Geurts van Kessel et al, 1996). The ultimate feasibility of 
such an approach, however, will depend on the efficiency by which the C-terminal 
domain of SSX is presented to the immune system by the Major Histocompatibility 
Complex (Schouten et al, 1995) of synovial sarcoma cells or whether such a presentation 
can be induced (Schafer et al, 1992; Nanda and Sercarz, 1995; Pan et al, 1995). 
Furthermore, it remains to be seen whether antigen presentation will indeed lead to an 
adequate immune response. 
In conclusion, it can be stated that the results of this and similar investigations contribute 
to our understanding of normal and abnormal cellular growth in general, and synovial 
sarcoma development in particular. New molecular genetic tools have been developed 
which may be of help in synovial sarcoma diagnosis and prognosis, and in interpreting the 
effects of different treatment protocols. In addition, the specific expression patterns 
observed for the SSX genes may point at new ways to single out tumor cells and to 
explore novel treatment strategies. 
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SUMMARY 
Synovial sarcomas are soft tissue tumors of uncertain histologic origin. Although these 
highly malignant sarcomas are relatively rare compared to some carcinomas (occurring 
for example in lung, breast and colon), they are considered to be the most common type 
of soft tissue sarcoma in children after rhabdomyosarcomas and Ewing's 
sarcomas/peripheral neuroectodermal tumors (PNET). Alone, or among several other 
numerical and structural cytogenetic abnormalities, a recurrent translocation between 
chromosomes X and 18 has been found in synovial sarcoma cells: t(X;18)(pll,2;qll.2). 
This thesis describes the isolation of the (X;18) translocation beakpoint via the 
identification and subcloning of Yeast Artificial Chromosomes (YACs) (chapter II), 
cosmids (chapter IV) and phages (chapter VII). During these efforts, we discovered that 
two different subtypes of synovial sarcomas can be distinguished, based on the occurrence 
of two alternative translocation breakpoints on the X chromosome. Furthermore, we 
discovered that there may be a correlation between these different breakpoint regions and 
the tumor phenotype of the synovial sarcomas tested (chapter V). 
Besides the isolation of the chromosomal breakpoint region, also the characterization of 
the genes disturbed by the translocation (X;18)(pll.2;qll.2) is described in this thesis. It 
was found that the 5'part of a gene on chromosome 18, called SYT, is fused to the 3'part 
of either one of two genes on the X chromosome, called SSX1 and SSX2, respectively 
(chapter ІП). These latter two genes were found to be part of a gene family of which 
other members that we identified (SSX3, 4 and 5) have sofar not been found to be 
implicated in tumor formation (chapter IX). It is hypothesized, that these SSX genes may 
play a role in developmental processes, based on the presence of so called KRAB 
consensus domains in the predicted encoded proteins. In addition, a model is presented on 
how this translocation and its resulting fusion protein(s) may lead to the establishment of 
synovial sarcomas (chapter X.3). 
Next to novel knowledge about the molecular processes which underly synovial sarcoma 
development, this work has also yielded valuable tools for diagnosis (for example 
chapters III, VI and VIII). Since clear-cut discrimination between soft tissue sarcomas 
based on histologic and immunohistochemical data may be problematic, we suggest that 
the use of the newly developed molecular tools may contribute to a less subjective means 
of deviding soft tissue tumors into different groups, which in turn may be relevant for 
treatment strategies. The newly developed molecular diagnostic tools are summarized in 




Synoviaal sarcomen zijn zachte weefsel tumoren van onzekere histologische afkomst. 
Hoewel deze kwaadaardige sarcomen relatief zeldzaam zijn in vergelijking met sommige 
carcinomen (bijvoorbeeld die voorkomen in long, borst en darm), worden ze beschouwd 
als de meest voorkomende zachte weefsel sarcomen in kinderen na rhabdomyosarcomen 
en Ewing's sarcomen/perifere neuroectodermale tumoren (PNET). Alleen of vergezeld 
van andere cytogenetische afwijkingen, is in synoviaal sarcomen herhaaldelijk een 
translocatie gevonden tussen chromosomen X en 18: t(X;18)(pll.2;qll.2). Dit 
proefschrift beschrijft de isolatie van het (X;18) translocatie breukpunt via identificatie en 
subclonering van artificiële gist chromosomen (YACs) (hoofdstuk II), cosmiden 
(hoofdstuk Г ) en bacteriofagen (hoofdstuk VII). Tijdens het doneren van dit fragment 
hebben wij ontdekt dat twee verschillende subtypes synoviaal sarcomen kunnen worden 
onderscheiden, gebaseerd op twee alternatieve breukplaatsen op het X chromosoom. 
Bovendien hebben we gevonden dat er mogelijk een correlatie bestaat tussen deze 
alternatieve breukpunten en verschillende tumor fenotypes binnen de synoviaal sarcomen 
(hoofdstuk V). 
Naast de identificatie van de chromosomale breukpunt regio, worden ook de genen die 
door de translocatie (X;18)(pll.2;qll.2) zijn onderbroken beschreven in dit proefschrift. 
Er werd gevonden dat het 5' gedeelte van een gen op chromosoom 18, SYT genaamd, is 
gefuseerd met het 3' gedeelte van één van twee alternatieve genen op het X chromosoom, 
respectievelijk SSX1 of SSX2 (hoofdstuk VIII). Deze laatste twee genen blijken deel uit te 
maken van een genfamilie, waarvan andere leden die wij hebben geïdentificeerd (SSX3, 4 
en 5) tot nog toe niet betrokken zijn gebleken bij tumor vorming (hoofdstuk IX). 
Gebaseerd op de voor deze genen afgeleide aminozuur volgorde, wordt er verondersteld 
dat SSX genen een rol zouden kunnen spelen bij ontwikkelings processen, aangezien in 
deze eiwitten homologie voorkomt met een zogenaamd KRAB domein. Bovendien wordt 
er een model gepresenteerd over hoe deze translocatie en het resulterende fusie eiwit 
zouden kunnen leiden tot de vorming van synoviaal sarcomen (hoofdstuk X.3). 
Behalve nieuwe kennis over de moleculaire processen die ten grondslag liggen aan de 
ontwikkeling van synoviaal sarcomen heeft dit werk belangrijke hulpmiddelen opgeleverd 
voor diagnose (bijvoorbeeld zie hoofdstuk III, VI en VIII). Omdat een duidelijk 
onderscheid tussen zachte weefsel sarcomen gebaseerd op histologische en 
immunohistochemische gegevens tot problemen kan leiden, adviseren wij het gebruik van 
de nieuw ontwikkelde moleculair biologische hulpmiddelen omdat deze mogelijk een 
bijdrage kunnen leveren aan een meer eenduidige onderverdeling van zachte 'veefsel 
sarcomen, wat van belang kan zijn voor het bepalen van behandelings strategieën. De 
nieuw ontwikkelde moleculair biologische diagnostische hulpmiddelen zijn samengevat in 
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hoofdstuk X.l, terwijl suggesties voor verdere toepassingen worden gedaan in hoofdsuk 
X.l enX.4. 
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Chapter V Figure 1 
Figure II.3: Fluorescent in situ hybridization of the OATL1 -specific YAC2 on a normal X 
chromosome (panel A; YAC signal in red, X centromere in green and chromosomes in 
blue counterstain, respectively), and on a synovial sarcoma (ST90 08986; male)-derived 
metaphase spread (panel B; YAC signal in yellow and chromosomes in red conterstain). 
Figure Ш.З: Fluorescence in situ hybridization of the chromosome X-specific library 
pBSX (green) and the OATL1-containing YAC#2 (red) on a synovial sarcoma-derived 
metaphase spread exhibiting t(X;18;5;4). The different X-containing translocation 
derivatives and the cross hybridizing Y chromosome are marked. 
Figure IV.2: Fluorescence in situ hybridization of OATL2- and OATL1-specific YACs 
#7 (A) and #2 (B) on metaphase chromosomes of synovial sarcomas ST.91.01731 (male) 
and T91.12083 (female), respectively. A single YAC#7 signal (green;arrow) is retained 
by der(X) (A), whereas YAC#2 is split by the (X;18) translocation (B;arrows). The X 
centromere is marked in red and the YAC#2 signal on the normal X (B) by arrowhead. 
Figure Г .4: Fluorescence in situ hybridization of OATL1-specific cosmid 0.38 on 
metaphase chromosomes of synovial sarcomas T91.12083 (female;upper panel) and 
ST.91.01731 (male;lower panel). Total metaphase overviews are shown at left, whereas 
the corresponding in situ results are shown at right. In both cases 0.38-positive signals 
(green) were observed on both the der(X) and the der(18) chromosomes (arrows). In 
addition, the complete 0.38 signal was retained on the intact X chromosome in 
T91.12083, as expected (arrowhead). The X centromere is marked in red. 
Figure П.З: FISH analysis of a normal metaphase spread using the centromere X probe 
(pBamX5), detected in red, in conjunction with probe pSSl, detected in light 
yellow/green. The pSSl signal on X is marked by an arrow, those on both 18 homologs 
by arrowheads. Chromosomes are counterstained using the blue dye DAPI. 
Chapter VI Figure 1 
Figure V.l: Metaphase (Α-D) and interphase (E, F) fluorescence in situ hybridization 
(FISH) analysis of synovial sarcomas ST 88-20756 (A, B), ST 88-04017 (C, D), 23-
303/91 (E) and 28775/90 (F), using OATL1 YAC 2 (A, C; E and F left panel) and 
OATL2 YAC 7 (В, D; E and F right panel) as probes in conjunction with the Χ 
centromere-specific repeat probe pBamX5. The YAC signals are displayed in yellow-
green and the X centromere signal in red. The der(X) is marked by an arrow and der(18) 
by an arrowhead. Also in В (top-left) and С (top-right) interphase nuclei with the 
respective FISH signals can be observed. 
Fig. VI. 1: Fluorescence in situ hybridization on interphase nuclei. Centromeric probes 
specific for chromosome X or 18, along with either YAC 2 or YAC 7, are 
shown. The latter correspond to the OATL1 and OATL2 regions on Xpll.2, 
respectively. The centromere-specific probes are detected in red and the YAC 
probes in green. (A) Normal interphase nucleus (female) revealing close 
proximity of the OATLl-specific YAC 2 probe to the chromosome X 
centromere. (B) Case 3 (female): cemtromere X probe in combination with 
YAC 2. One of the YAC signals is separated from one of the centromere X 
signals. (C) Case 1 (female): centromere 18 probe and YAC 2, with 
juxtaposition of one YAC 2 and one centromere 18 signal (arrow). (D) Case 
3: centromere X probe in combination with YAC 7. Two YAC 7 signals are 
in close proximity to the X chromosome centromeres (arrows), whereas a 
third YAC 7 signal (which appears to be split due to computer processing; 
open arrow) shows no linkage to the centromeric signals. (E) Case 1: 
centromere 18 probe and YAC 7. Three YAC 7 signals are detectable, one of 
which is juxtaposed with one centromere 18 signal (arrow). (F) Case 2 
(female: centromere 18 probe in combination with YAC 2. One of the three 
YAC 2 signals is located close to one centromere 18 signal (arrow). 
Stellingen behorend bij het proefschrift: "The role of t(X;18)9pll.2;qll.2) in the 
development of human synovial sarcomas", door Bertie de Leeuw. 
1 Er kunnen twee subtypen synoviaal sarcomen worden onderscheiden op basis van 
de X-chromosomale translocatie breukpunt regio (dit proefschrift). 
2 De translocatie (X;18) kenmerkend voor synoviaal sarcomen resulteert in fusie 
producten tussen het SYT gen op chromosoom 18 en hetzij het SSX1 hetzij het 
SSX2 gen op chromosoom X (dit proefschrift). 
3 Diagnose gebaseerd op specifieke chromosomale translocaties of de speciale 
genproducten die daardoor veroorzaakt worden mag niet achterwege blijven 
voordat een definitief oordeel over het soort zachte weefsel sarcoom wordt geveld, 
vooral in geval van mogelijke synoviaal sarcomen (dit proefschrift). 
4 "Synoviaal sarcoom" wordt algemeen beschouwd als een foutieve naam 
(Miettinen, 1983; Ghadially, 1987; Schmidt et al, 1991; Smith et al, 1995). Omdat 
de genen betrokken bij het ontstaan van deze tumor gerelateerde namen hebben 
gekregen (Clark et al 1994; Crew et al 1995), zullen deze mee veranderd moeten 
worden in het geval de tumor naam wordt aangepast, vooral ook omdat syt tevens 
een afkorting is voor synaptotagmin. 
5 Het SYT gen heeft een algemeen expressie patroon en is evolutionair sterk 
geconserveerd (de Bruijn et al, 1996). Daarom heeft het waarschijnlijk een 
belangrijke functie in cellen. 
6 Hoge genetische conservering is geen vereiste voor genen die een rol spelen bij de 
ontwikkeling van tumoren, zoals bijvoorbeeld de SSX genen. 
7 Omdat SYT en daarom ook SYT-SSX fusie producten in een grote verscheidenheid 
aan cellen tot expressie (kunnen) komen, is het aannemelijk dat de specificiteit van 
deze fusie producten voor synoviaal sarcomen voortkomt uit een specifieke rol die 
zij spelen in de ontwikkelingslijn van de cellen waaruit synoviaal sarcomen 
ontstaan. 
8 In situ fluorescentie experimenten die lijken aan te tonen dat een bepaalde YAC of 
cosmide een translocatie breukpunt overbrugt moeten altijd worden bevestigd door 
andere experimenten. 
9 Er zijn aanwijzingen dat verhoogde activiteit van het bacteriele transposon TnlOOO 
een rol kan spelen bij problemen met het doneren in cosmiden van de X 
chromosomale regio betrokken bij (Χ; 18) translocaties. 
10 Onderzoek aan tumoren is opwindend en dankbaar werk, maar het mag niet 
worden vergeten dat er ondertussen mensen sterven aan hun effecten. 
11 De nadelen van de stank van knoflook na consumptie wegen niet op tegen de 
fantastische smaak en de voordelen voor de gezondheid (Gerhäuser 1995). Daarom 
zou deze stank toch beter geaccepteerd moeten worden dan de stank van 
sigaretten. 
12 Als men onze aarde met de daarop levende wezens als geheel beschouwt, vormt de 
mensheid momenteel een tumor. Hopelijk zullen we met de huidige en toekomstige 
kennis omtrent tumorvorming en de bedreigde vitale delen van onze planeet weten 
te voorkomen dat de mensheid te kwaadaardig wordt. 
13 Sinds mensenheugenis heeft de mens vrijheden ingeleverd voor, en gedrag 
aangepast aan de maatschappij (samenleving), in ons aller belang. Met de huidige 
mogelijkheden voor prenatale diagnostiek en genetische manipulatie dient men zich 
echter ten aller tijden rekenschap af te leggen van het feit of ons handelen als 
uitgangspunt heeft dat de maatschappij (lees ook: de techniek) ten dienste staat aan 
en wordt ingericht ten behoeve van (alle) mensen, of dat men bezig is de mensen 
aan te passen ten behoeve van de maatschappij (lees ook: de economie). 
Translation of the "Stellingen (thesis)" in English. 
1. Two different subtypes of synovial sarcoma can be distinguished, based on the X-
chromosomal translocation breakpoint region (this thesis). 
2. The (X;18) translocation found in synovial sarcomas results in the formation of 
fusion gene products between the SYT gene on chromosome 18 and either the 
SSX1 or the SSX2 gene on the X chromosome (this thesis). 
3. Diagnosis based on specific chromosomal translocations or specific gene products 
resulting from such translocations may not be omitted before a definite diagnostic 
statement is reached for soft tissue sarcomas, especially synovial sarcoma (this 
thesis). 
4. "Synovial sarcoma" is generally recognized to be a misnomen (Miettinen, 1983; 
Ghadially, 1987; Schmidt et al, 1991; Smith et al, 1995). As the genes involved in 
formation of this tumor have been given related names, changing the tumors name 
should now also imply changing the names of the involved genes (Clark et al 
1994; Crew et al 1995), especially since syt is also an abbreviation for 
synaptotagmin (Südhof, 1995). 
5. The SYT gene is ubiquitously expressed and highly conserved during evolution (de 
Bruijn et al, 1996) and, therefore, likely performs an important function in cells. 
6. High genetic conservation is not a prerequisite for genes involved in tumor 
formation, as is examplified by the SSX genes. 
7. Since 5ΊΤ and, therefore, SYT-SSX fusion genes are ubiquitously expressed, the 
specificity of these fusion products for synovial sarcomas must be due to the fact 
that they play a role specific for the cell lineage from which synovial sarcomas 
arise. 
8. FISH experiments indicating that a certain YAC or cosmid is spanning a 
translocation breakpoint region should be treated with caution and need to be 
confirmed by other data. 
9. There are indications that elevated activity of the bacterial transposon TnlOOO may 
play a role in the problems arising during cloning into cosmids of the X 
chromosomal region involved in synovial sarcoma (X;18) translocations. 
10. Research on tumors is an exciting and rewarding job, but it should not be 
forgotten that in the mean time people are dying from them. 
11. The disadvantages of the smell of garlic after consumption do not outweigh its 
great taste and benefits for health (Gerhäuser 1995). Therefore, this smell should 
at least be better supported than the smell of sigarettes. 
12. If one considers this earth with it's living species as one organism, humanity is 
currently forming a tumor. Hopefully, current and future knowledge about tumor 
development and about the endangered vital parts of our planet may prevent that 
mankind becomes too malignant. 
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